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(54) Clock phase detecting circuit and dock regenerating circuit each arranged in receiving unit 
of multiplex radio equipment 

(57) The present invention relates to a clock phase 
detecting circuit and a clock regenerating circuit each 
arranged in a receiving unit of multiplex radio equip- 
ment. The receiving unit of the multiplex radio equip- 
ment includes an identifying circuit (11) for identifying a 
signal obtained by demodulating a multilevel orthogonal 
modulated signal; a clock regenerating circuit (12) for 
regenerating a signal identification clock for the identify- 
ing circuit (1 1) to supply the clock to the identifying cir- 
cuit (11); an equalizing circuit (13) for subjecting the 
demodulated signal to an equalizing process (13). A 
clock phase detecting unit (14 A) detects the phase 
component of the signal identification clock based on 
signals input to or output from the equalizing circuit (1 3) 
and then supplies the phase component to the clock 
regenerating circuit (11). The phase component of a 
signal identif ication clock can be certainly detected and 
accurately adjusted so that the signal identification 
clock can be. regenerated with high accuracy. 



DEM0OULAT1 
SIGNAL 



IDENTIFYING 
CIRCUIT 



EQUALIZING 
CIRCUIT 



CUOCK 

REGENERATING 
CIRCUIT 




CLOCK PHASE 
DETECTING UNIT 


— 



MXUDCK PHASE DETECTING aRCUTT 



CM 
< 

CM 
CO 

CM 

"O 
Q_ 

LU _ 

Printed by Rank Xerox (UK) Business Services 
2.13.4/34 



RNSDOCID: <EP 0732829A2_L> 



1 



EP 0 732 829 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 ) Field of the Invention $ 

The present invention relates to a clock phase 
detecting circuit and a clock regenerating circuit each 
arranged in the receiving unit in multiplex radio equip- 
ment. , 10 

Generally, the clock regenerating circuit which is 
used in the receiving unit of multiplex radio equipment is 
called a BTR (Bit Timing Recovery) circuit. The clock 
regenerating circuit usually regenerates a clock compo- 
nent based on a signal obtained by demodulating a mul- 75 
tilevel orthogonal modulation signal obtained through 
PSK (Phase Shift Keying) or QAM (Quadrature Ampli- 
tude Modulation) and then supplies it as an operation 
timing signal for an identifier (e.g. an A/D converter) that 
mainly identifies received data (signal). so 

The clock which is regenerated in the clock regen- 
erating circuit must be agreed in phase with a demodu- 
lated signal level identifying timing (when the so-called 
eye-pattern is most opened). However, a change in 
trunk state due to temperature changes may cause a 25 
deviation in phase of a clock pulse. 

Hence both a clock phase detecting circuit that can 
detect a phase deviation with high accuracy and a clock 
regenerating circuit that adjusts accurately a deviation 
in phase of the clock detected by the clock phase 30 
detecting circuit and then supplies signal identification 
clocks with high accuracy have been requested. 

2) Description of the Related Art 

35 

Fig. 60 is a block diagram illustrating the configura- 
tion of a clock regenerating circuit arranged in the 
receiving unit of a general multiplex radio equipment. 
Referring to Fig. 60, numeral 71 represents an orthogo- 
nal detecting unit; 72 and 73 represent A/D converters; *o 
74 represents a transversal .equalizer; and 75 repre- 
sents a clock regenerating circuit. 

The orthogonal detecting unit 71 detects a signal 
(IF (intermediate frequency) signal) obtained by demod- 
ulating a multilevel orthogonal modulation signal due to 45 
PSK or QAM and then produces two kinds of baseband 
signals (an Ich signal and a Qch signal) with a different 
angle of 90° in phase from each other. As shown in Fig. 
60, the orthogonal detecting unit 71 is formed of hybrids 
(H) 71 1 and 712, phase detectors 713 and 714, roll-off so 
filters 715 and 716; and a local oscillating unit 717. 

In the detecting unit 71 , the hybrid 71 1 splits the IF 
signal input into two components and then sends 
respectively to the phase detectors 713 and 714. At this 
time, the local oscillating unit 717 supplies a carrier 55 
regenerating signal synchronized in phase with a carrier 
wave to the hybrid 712. The hybrid 712 splits the carrier 
regenerating signal into two signal waves with phases 
different from each other by 90°: one being output to the 



phase detector 713 and the other being output to the 
phase detector 714. 

As a result, the phase detectors 713 and 714 
receive base band signals (an Ich signal and a Qch sig- 
nal) having phases different from each other by 90°. The 
A/D converter (identifying unit) 72 receives the Ich sig- 
nal via the roll-off filter 71 5 to perform an A/D conversion 
(signal identification). The A/D converter (identifying 
unit) 73 receives the Qch signal via the roll-off filter 716 
to perform an A/D conversion (signal identification). 
Thus digital demodulated signals with phases different 
from each other by 90° are obtained. 

The A/D converter 72 converts the Ich signal from 
the orthogonal detecting unit 71 to a digital demodu- 
lated signal by A/D converting at a predetermined signal 
level. The A/D converter 73 converts the Qch signal 
from the orthogonal detecting unit 71 to a digital demod- 
ulated signal by A/D converting at a predetermined sig- 
nal level. The transversal equalizer 74 equalizes each 
the digital demodulated signals from the A/D converters 
72 and 73. 

The clock regenerating circuit 75 regenerates A/D 
conversion clocks, of which the timing at which the A/D 
converters 72 and 73 execute an A/D conversion (the 
so-called eye pattern in fully opened state) matches the 
phase, from a received signal to be detected by the 
orthogonal detecting unit 71 and then supplies them 
respectively to the A/D converters 72 and 73. The clock 
regenerating circuit 75 is formed of a square detecting 
unit 76, a filer 77, and a PLL circuit 78. The PLL circuit 
78 is formed of a phase detector (PD) 79, a loop filter 
80. an amplifier 81 , and an oscillating unit 82. 

Hie square detecting unit 76 subjects a signal to be 
detected by the orthogonal detecting unit 71 to a square 
detection. The filter 77 filters the output of the square 
detecting unit 76. 

In the PLL circuit 78, the phase detector 79 phase- 
compares the signal square-detected by the square 
detecting unit 76 and input through the filter 77 with the 
A/D conversion clocks output from the oscillating unit 82 
for the A/D converters 72 and 73 and then feedbacks 
the result as a control signal to the oscillating unit 82 via 
the loop filter 80 and the amplifier 81. As a result, the 
clock (an A/D conversion clock) following the phase of a 
signal to be detected by the orthogonal detecting unit 71 
can be obtained. 

In the clock regenerating circuit 75 having the 
above-configuration, the A/D conversion clocks for the 
A/D converters 72 and 73 following the phase in which 
the eye pattern of a received signal is most opened are 
regenerated from the signal to be detected by the 
orthogonal detecting unit 71 and then sent to the A/D 
converters 72 and 73. respectively. Then each of the 
A/D converters 72 and 73 can regenerate the receive 
signal data through an accurate digitalizing process. 

The clock regenerating circuit 83 proposed by Jap- 
anese Patent Laid-open Publication (Tokukaisyo) No. 
63-215235, as shown in Fig. 61, is formed of a phase 
deviation detecting unit 831 , a infinite phase shifter 832, 
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and an oscillating unit 833. Numeral 81 represents a 
demodulating unit which demodulates a received signal 
and 82 represents a data regenerating unit that regen- 
erates a demodulated signal (data) from the demodulat- 
ing unit. The data regenerating unit 82 consists of an 5 
equalizer (EQL) 821 that subjects a demodulated signal 
to an equalizing process and an identifier (A/D con- 
verter) that identifies and encodes (digitalizes) the level 
of the demodulated signal processed by the equalizer. 

In the clock regenerating circuit 83. the phase devi- 10 
ation detecting unit 831 monitors the output signal from 
the identifier 822 and then detects the deviation 
between the signal phase of the most suitable identify- 
ing timing in the identifier with the phase of the clock 
(CLK). The infinite phase shifter 832 provides a phase is 
shift to the signal with a fixed frequency from the oscil- 
lating unit 833. 

In the clock regenerating circuit 83 with the above- 
mentioned structure, the phase deviation detecting unit 
831 detects a change in phase deviation appeared 20 
between the timing to be identified by the identifier 822 
and the clock (CLK) supplied as an operation timing of 
the identifier 822, and the infinite phase shifter 832 
phase-shifts the output of the oscillating unit 833 syn- 
chronous with the change in the phase deviation. Thus 25 
the phase deviation is canceled so that the clock 
matched with the phase of the identification timing can 
be regenerated certainly. 

However, the clock regenerating circuit 75 shown in 
Fig. 60 regenerates an A/D conversion clock each for 30 
the A/D converters 72 and 73 from a signal to be 
detected by the orthogonal detecting unit 71 , or an ana- 
log signal, thus tending to be frequently influenced by 
the trunk status due to temperature changes or the like. 
As a result, there is a problem in that the A/D conversion 35 
timing of each of the A/D converters 72 and 73 can not 
be agreed with high accuracy with the most suitable tim- 
ing in which the eye pattern of a received signal is most 
opened. 

As described above, regenerating the A/D conver- 40 
sion clocks from an analog signal leads to the clock 
regenerating circuit 75 in an analog configuration, as 
shown in Fig. 60. Hence, there is a problem in that the 
analog configuration results in a large circuit scale in 
addition to a large number of manual adjustments. 45 

On the other hand, in the clock regenerating circuit 
83 shown in Fig. 61. the phase deviation detecting unit 
831 detects a change in phase deviation and the infinite 
phase shifter 832 phase-shifts the output of the oscillat- 
ing unit 833 in synchronism with the phase deviation so 
change. Thus the clock agreed with the phase of the 
identification timing can be certainly regenerated by 
canceling the phase deviation. However, the phase 
deviation detecting unit 831 detects a phase deviation 
with insufficient accuracy rather than high accuracy, ss 
Hence there is a problem in that the operation timing of 
the identifier 822 cannot be completely agreed with the 
most suitable timing in which the eye-pattern of a 
received signal is most opened. 



SUMMARY OF THE INVENTION 

Trie present invention is made to overcome the 
above mentioned problems. An object of the present 
invention is to provide a clock phase detecting circuit 
arranged in the receiving unit of multiplex radio equip- 
ment that can regenerate a signal identification clock 
with high accuracy by certainly detecting the phase 
component of a signal identification clock and then 
accurately adjusting the same. 

Another object of the present invention is to provide 
a clock regenerating circuit arranged in the receiving 
unit in multiplex radio equipment that can regenerate a 
signal identification clock with high accuracy by cer- 
tainly detecting the phase component of a signal identi- 
fication clock and then accurately adjusting the same. 

In order to achieve the above objects, according to 
the present invention, the clock phase detecting circuit 
arranged in a receiving unit of multiplex radio equip- 
ment, is characterized by an identifying circuit for identi- 
fying a signal at a predetermined identification level, the 
signal being obtained by demodulating a multilevel 
orthogonal modulated signal; a clock regenerating cir- 
cuit for regenerating a signal identification clock for the 
identifying circuit to supply the clock to the identifying 
circuit; an equalizing circuit for subjecting the demodu- 
lated signal obtained by demodulating the multilevel 
orthogonal modulated signal to an equalizing process; 
and a clock phase detecting unit for detecting a phase 
component of the signal identification clock based on 
input/output signals of the equalizing circuit and then for 
supplying the phase component to the clock regenerat- 
ing circuit. 

Hence, in the clock phase detecting circuit 
arranged in the receiving unit of the multiplex radio 
equipment according to the present invention, the clock 
phase detecting unit can detect the phase component of 
a signal identification clock, based on the input/output 
signals of the equalizing circuit which subjects a signal 
obtained by demodulating a multilevel orthogonal mod- 
ulated signal to an equalizing process and then supply it 
to the clock regenerating circuit. Hence there is an 
advantage in that the clock regenerating circuit can 
adjust very accurately the phase component of a signal 
identification clock, thus greatly improving the perform- 
ance of the multiplex radio equipment. 

According to the present invention, the clock regen- 
erating circuit arranged in a receiving unit of multiplex 
radio equipment, the receiving unit including an identify- 
ing circuit for identifying a signal at a predetermined 
identification level, the signal being obtained by demod- 
ulating a multilevel orthogonal modulated signal and an 
equalizing circuit for subjecting the demodulated signal 
to an equalizing process, the clock regenerating circuit 
regenerating a signal identification clock for the identify- 
ing circuit and then supplying the signal identification 
clock to the identifying circuit; is characterized by a 
clock regenerating unit for regenerating the signal iden- 
tification clock based on a signal before the multilevel 
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orthogonal modulated signal is detected; a phase 
adjusting unit for adjusting the phase of a clock from the 
clock regenerating unit and then supplying the phase- 
adjusted clock to the identifying circuit; and a clock 
phase detecting unit for detecting a phase component 
of the signal identification clock based on input/output 
signals of the equalizing circuit and then supplying the 
result as the phase adjustment control signal to the 
phase adjusting unit. 

In the clock regenerating circuit arranged in the 
receiving unit of the multiplex radio equipment accord- 
ing to the present invention, when a signal identification 
clock for the identifying circuit is regenerated from a sig- 
nal before a multilevel orthogonal modulated signal is 
detected and the phase adjusting unit adjusts the phase 
of the clock from the clock regenerating unit and then 
supplies the result to the identifying circuit, the clock 
phase detecting unit can detect the phase component of 
the signal identification clock, based on the input/output 
signals of the equaling circuit, and then supply it as a 
phase adjustment and control signal to the phase 
adjusting unit. Hence there is an advantage in that the 
phase component of a signal identification clock for the 
identifying circuit can be adjusted accurately so that the 
accuracy of the signal identifying process in the identify- 
ing circuit can be drastically improved. 

Furthermore, according to the present invention, 
the clock regenerating circuit arranged in a receiving 
unit of multiplex radio equipment, the receiving unit 
including an identifying circuit for identifying a signal at 
a predetermined identification level, the signal being 
obtained by demodulating a multilevel orthogonal mod- 
ulated signal and an equalizing circuit for subjecting the 
demodulated signal to an equalizing process, the clock 
regenerating circuit regenerating a signal identification 
clock for the identifying circuit and then supplying the 
signal identification clock to the identifying circuit; is 
characterized by a clock phase detecting unit for detect- 
ing a phase component of the signal identification clock 
based on inut/output signals of the equalizing circuit; a 
loop filter unit for integrating the output from the clock 
phase detecting unit; and an oscillating unit for produc- 
ing a signal identification clock for the identifying circuit 
to the identifying circuit, in response to as a control input 
the output from the loop filter unit. 

In the clock regenerating circuit arranged in the 
receiving unit of the multiplex radio equipment accord- 
ing to the present invention, the clock phase detecting 
unit detects the phase component of a signal identifica- 
tion clock based on the input/output signals of the 
equalizing circuit; the loop filter unit integrates the 
resultant phase component; and the oscillating unit 
receives the output as a control input from the loop filter 
unit. Thus, the adjusted phase component of a signal 
identification clock for the identifying circuit can be sup- 
plied to the identifying circuit. Hence there is an advan- 
tage in that the very-simplified configuration can greatly 
improve the signal identifying process performance by 
the identifying circuit. 



Moreover, according to the present invention, the 
clock phase detecting circuit arranged in a receiving unit 
of multiplex radio equipment, is characterized by an 
identifying circuit for identifying a signal at a predeter- 

5 mined identification level, the signal being obtained by 
demodulating a multilevel orthogonal modulated signal; 
a clock regenerating circuit for regenerating a signal 
identification clock for the identifying circuit to supply the 
clock to said identifying circuit; and a clock phase 

to detecting unit for detecting a phase component of the 
signal identification clock based on clock phase differ- 
ence information supplied to the identifying circuit and 
signal error differential information obtained by the iden- 
tifying circuit and then supplying the resultant phase 

75 component to the clock regenerating circuit. 

In the clock regenerating circuit arranged in the 
receiving unit of the multiplex radio equipment accord- 
ing to the present invention, the clock phase detecting 
unit detects the phase component of a signal identif ica- 

20 tion clock based on the clock phase difference informa- 
tion supplied to the identifying circuit and the signal 
error differential information obtained by the identifying 
circuit and then supplies it to the clock regenerating cir- 
cuit. Hence, the very-simplified configuration can 

25 greatly improve the accuracy of the signal identification 
clock regenerating process in the clock regenerating cir- 
cuit, thus greatly improving the accuracy of the signal 
identifying process in the identifying circuit. 

Furthermore, according to the present invention, 

30 the clock regenerating circuit arranged in a receiving 
unit of multiplex radio equipment, the receiving unit hav- 
ing an identifying circuit that identifies a signal obtained 
by demodulating a multilevel orthogonal modulated sig- 
nal at a predetermined identification level, the clock 

35 regenerating circuit regenerating a signal identification 
clock for the identifying circuit to supply the clock to said 
identifying circuit, is characterized by a clock regenerat- 
ing unit for regenerating the signal identification clock 
based on a signal before the multilevel orthogonal mod- 

40 ulated signal is detected; a phase adjusting unit for 
adjusting the phase of a clock sent from the clock 
regenerating unit and supplying the resultant clock to 
the identifying circuit; and a clock phase detecting unit 
for detecting a phase component of the signal identif ica- 

45 tion clock based on dock phase difference information 
supplied to the identifying circuit and signal error differ- 
ential information obtained by the identifying circuit and 
then supplying the resultant phase component to the 
clock regenerating circuit. 

so In the clock regenerating circuit arranged in the 
receiving unit in multiplex radio equipment according to 
the present invention, when the phase adjusting unit 
adjusts the phase of a clock from the clock regenerating 
unit, the clock phase detecting unit can supply the 

55 phase component of a signal identification clock 
detected based on the clock phase difference informa- 
tion supplied to the identifying circuit and the signal 
error differential information, to the clock regenerating 
circuit. Hence even if the equalizing circuit that performs 
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an equalizing process of a demodulated signal is not 
arranged, the very-simplified configuration can improve 
the accuracy of a signal identification clock regenerated 
in the clock regenerating circuit 

According to the present invention, the clock regen- s 
erating circuit arranged in a receiving unit of multiplex 
radio equipment, the receiving unit including an identify- 
ing circuit for identifying a signal at a predetermined 
identification level, the signal being obtained by demod- 
ulating a multilevel orthogonal modulated signal, the io 
clock regenerating circuit regenerating a signal identifi- 
cation clock for the identifying circuit and then supplying 
the signal identification clock to the identifying circuit; is 
characterized by a clock phase detecting unit for detect- 
ing a phase component of the signal identification clock 75 
based on clock phase difference information supplied to 
the identifying circuit and signal error differential infor- 
mation obtained by the identifying circuit which supplies 
it the dock regenerating circuit; a loop filter unit for inte- 
grating the output from the clock phase detecting unit; 20 
and an oscillating circuit for producing a signal identifi- 
cation clock for the identifying circuit to the identifying 
circuit, in response to the output as a control input from 
the loop filter unit. 

In the clock regenerating circuit arranged in the 25 
receiving unit of multiplex radio equipment according to 
the present invention, the clock phase detecting unit 
detects the phase component of a signal identification 
clock for the identifying circuit, based on the clock phase 
difference information supplied to the identifying circuit 30 
and the signal error differential information obtained by 
the identifying circuit, and then supplies it to the clock 
regenerating circuit. Hence, even if the equalizing circuit 
that performs an equalizing process of a demodulated 
signal is not arranged, the very-simplified configuration 35 
can greatly improve the accuracy of a signal identifica- 
tion clock regenerated in the clock regenerating circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

Fig. 1 is a block diagram showing the first aspect of 
the present invention; 

Fig. 2 is a block diagram showing the second 
aspect of the present invention; 

Fig. 3 is a block diagram showing the third aspect of 45 
the present invention; 

Fig. 4 is a block diagram showing the fourth aspect 
of the present invention; 

Fig. 5 is a block diagram showing the fifth aspect of 
the present invention; so 
Fig. 6 is a block diagram showing the sixth aspect of 
the present invention; 

Fig. 7 is a block diagram showing the configuration 
of each of a clock phase detecting circuit and a 
clock regenerating circuit arranged in multiplex 55 
radio equipment according to the first embodiment 
of the present embodiment; 



Fig. 8 is a block diagram showing the configuration 
of a phase component detecting unit according to 
the first embodiment of the present embodiment; 
Fig. 9 is a block diagram illustrating the detail con- 
figuration of each of a clock regenerating circuit and 
the peripheral circuits according to the first embod- 
iment of the present invention; 
Fig. 1 0 is a diagram used for explaining the opera- 
tion of a clock regenerating circuit according to the 
first embodiment; 

Fig. 1 1 is a block diagram illustrating another con- 
figuration of a phase component detecting unit 
according to the first embodiment; 
Fig. 12 is a block diagram illustrating another con- 
figuration of a clock regenerating circuit according 
to the first embodiment; 

Fig. 1 3 is a block diagram illustrating a clock regen- 
erating circuit and the peripheral circuits according 
to the first embodiment; 

Fig. 14 is a block diagram illustrating a phase com- 
ponent detecting unit according to the first embodi- 
ment; 

Fig. 1 5 is a block diagram illustrating the detail con- 
figuration of each of a clock regenerating circuit and 
the peripheral circuits according to the first embod- 
iment; 

Fig. 16 is a diagram used for explaining the opera- 
tion of a clock regenerating circuit according to the 
first embodiment; 

Fig. 17 is a block diagram illustrating another con- 
figuration of a phase component detecting unit 
according to the first embodiment; 
Fig. 1 8 is a block diagram showing the detail config- 
uration of a clock regenerating circuit and the 
peripheral circuits according to the first embodi- 
ment; 

Figs. 19(a) to 19(c) are diagrams each used for 
explaining the operation of a clock regenerating cir- 
cuit according to the first embodiment; 
Fig. 20 is a diagram used for explaining the opera- 
tion of a clock regenerating circuit according to the 
first embodiment; 

Fig. 21 is a block diagram showing another configu- 
ration of a phase component detecting unit accord- 
ing to the first embodiment; 

Fig. 22 is a block diagram showing the detail config- 
uration of a clock regenerating circuit and the 
peripheral circuits according to the first embodi- 
ment; 

Fig. 23 is a block diagram showing another configu- 
ration of a phase component detecting unit accord- 
ing to the first embodiment; 
Fig. 24 is a block diagram showing the detail config- 
uration each of a clock regenerating circuit and the 
peripheral circuits according to the first embodi- 
ment; 

Fig. 25 is a diagram showing an example of data 
used in a phase component detecting unit accord- 
ing to the first embodiment; 
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Fig. 26 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the first embodiment; 

Fig. 27 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 5 
the peripheral circuits according to the first embod- 
iment; 

Fig. 28 is a blockdiagram showing the configuration 
of each of a clock phase detecting circuit and a 
clock regenerating circuit according to the second to 
embodiment of the present invention; 
Fig. 29 is a blockdiagram showing the detail config- 
uration of a clock regenerating circuit and the 
peripheral circuits according to the second embodi- 
ment; 75 
Fig. 30 is a block diagram illustrating the detail con- 
figuration of each of a clock regenerating circuit and 
the peripheral circuits according to the second 
embodiment; 

Fig. 31 is a block diagram illustrating the detail con- 20 
figuration of a clock regenerating circuit and the 
peripheral circuits according to the second embodi- 
ment; 

Fig. 32 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 25 
the second embodiment; 

Fig. 33 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the second 
embodiment; 30 
Fig. 34 is a blockdiagram showing another configu- 
ration of a clock regenerating circuit according to 
the second embodiment; 

Fig. 35 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 35 
the peripheral circuits according to the second 
embodiment; 

Fig. 36 is a block diagram showing another configu- 
ration of a composing unit arranged in a clock 
regenerating circuit according to the second 40 
embodiment; 

Fig. 37 is a blockdiagram showing another configu- 
ration of a clock regenerating circuit according to 
the second embodiment; 

Fig. 38 is a block diagram showing the detail conf ig- 45 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the second 
embodiment; 

Fig. 39 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to so 
the second embodiment; 

Fig. 40 is a blockdiagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the second 
embodiment; 55 
Fig. 41 is a blockdiagram showing another configu- 
ration of a clock regenerating circuit according to 
the second embodiment; 



Fig. 42 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the second 
embodiment; 

Fig. 43 is a block diagram showing the configuration 
of each of a clock phase detecting circuit and a 
clock regenerating circuit according to the third 
embodiment of the present invention; 
Fig. 44 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the third embod- 
iment; 

Fig. 45 is a diagram used for explaining the opera- 
tion of a clock regenerating circuit according to the 
third embodiment; 

Rg. 46 is a diagram used for explaining the opera- 
tion of a clock regenerating circuit according to the 
third embodiment; 

Fig. 47 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the third embodiment; 

Fig. 48 is a blockdiagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the third embod- 
iment; 

Fig. 49 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the third embodiment; 

Rg. 50 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the third embod- 
iment; 

Rg. 51 is a block diagram showing the configuration 
of each of a clock phase detecting circuit and a 
clock regenerating circuit according to the fourth 
embodiment of the present invention; 
Fig. 52 is a blockdiagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the fourth 
embodiment; 

Rg. 53 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the fourth 
embodiment; 

Rg. 54 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 
the peripheral circuits according to the fourth 
embodiment; 

Rg. 55 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the fourth embodiment; 

Rg. 56 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the fourth embodiment; 

Fig. 57 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the fourth embodiment; 
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Fig. 58 is a block diagram showing another configu- 
ration of a clock regenerating circuit according to 
the fourth embodiment; 

Fig. 59 is a block diagram showing the detail config- 
uration of each of a clock regenerating circuit and 5 
the peripheral circuits according to the fourth 
embodiment; 

Fig. 60 is a block diagram showing the configuration 
of a clock regenerating circuit arranged in the 
receiving unit of general multiplex radio equipment; 10 
and 

Fig. 61 is a block diagram showing the configuration 
of a clock regenerating circuit arranged in the 
receiving unit of general multiplex radio equipment. 

75 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(a) Aspect of the Invention: 

. ■ 20 

By referring to the attached drawings, explanation 
will be made as for an aspect of the present invention. 

Fig. 1 is a block diagram showing an aspect of the 
present invention. Referring to Fig. 1, numeral 1 A repre- 
sents a clock phase detecting circuit. The clock phase 25 
detecting circuit 1 A is used in the receiving unit of multi- 
plex radio equipment including an identifying circuit 11 
that identifies a signal obtained by demodulating a mul- 
tilevel orthogonal modulated signal at a predetermined 
identification level, a clock regenerating circuit 12 that 30 
regenerates a signal identification clock for the identify- 
ing circuit 1 1 and then sends it to the identifying circuit 
11, and an equalizing circuit 13 that subjects a signal 
obtained by demodulating the multilevel orthogonal 
modulated signal to an equalizing process. 35 

As shown in Fig. 1 , the clock phase detecting circuit 
1 A includes a clock phase detecting unit 14 A. The clock 
phase detecting unit 14A detects the phase component 
of a signal identification clock based on input/output sig- 
nals of the equalizing circuit 13 and then supplies it to 40 
the clock regenerating circuit 12. 

In the clock phase detecting circuit 1 A arranged in 
the receiving unit of multiplex radio equipment accord- 
ing to the present invention, when the identifying circuit 
1 1 identifies a demodulated signal obtained by demod- 45 
ulating a multilevel orthogonal modulation signal at a 
predetermined identifying level, the clock regenerating 
circuit 12 regenerates a signal identif ication clock for the 
identifying circuit 1 1 and supplies it to the identifying cir- 
cuit 1 1 . At the time, the clock phase detecting unit 1 4A so 
detects the phase component of a signal identification 
clock in response to the input signal and the output sig- 
nal of the equalizing circuit 13 that subjects a signal 
obtained by demodulating a multilevel orthogonal mod- 
ulated signal to an equalizing process and then supplies ss 
the phase component to the clock regenerating circuit 
12. 

According to the clock phase detecting circuit 1 A as 
described above, there is an advantage in that the , 



phase component of a signal identification clock can be 
adjusted very accurately so that the performance of the 
multiplex radio equipment can be greatly improved. 

In concrete, the clock phase detecting unit 14A con- 
sists of an error detecting unit that detects an error 
between the input signal and the output signal of the 
equalizing circuit 13, a signal inclination detecting unit 
that detects the inclination of a demodulated signal, and 
a clock phase calculating unit that calculates the output 
of the error detecting unit and the output of the signal 
inclination detecting unit and then detects the phase, 
component of a signal identification clock. 

In the clock phase component detecting unit 14A, 
the error detecting unit detects the error between the 
input signal and the output signal of the equalizing cir- 
cuit 13, and the signal inclination detecting unit detects 
the inclination of a demodulated signal, and the clock 
phase calculating unit calculates the outputs of the error 
detecting unit and the signal inclination detecting unit. 
Thus the phase component of a signal identification 
clock is detected. 

Hence the phase component of a signal identifica- 
tion clock can be certainly detected. 

The clock phase detecting unit 14A may include a 
specific signal judging unit that judges whether a spe- 
cific signal exists and a gating unit that produces the 
phase component of a signal identification clock 
obtained by the clock phase calculating unit when the 
specific signal judging unit judges that a specific signal 
exists, in addition to the error detecting unit, the signal 
inclination detecting unit, and the clock phase calculat- 
ing unit. 

In this case, the specific signal judging unit judges 
whether a received signal is a specific signal. If it is 
judged that the received signal is a specific signal, the 
gating unit produces the phase component of a signal 
identification clock obtained by the phase calculating 
unit. 

In the clock phase detecting unit 14A, only when 
the specific signal judging unit judges that the received 
signal is a specific signal with good signal quality, the 
gating unit can issue the phase component of a signal 
identification clock obtained by the clock phase calculat- 
ing unit. Hence the accuracy of the phase component of 
a signal identification clock can be improved. 

The signal inclination detecting unit consists of a 
delaying unit that delays the output from the identifying 
circuit 11 and a comparing unit that compares the out- 
put from the identifying circuit 1 1 with the output from 
the delaying unit and then detects the inclination of the 
demodulated signal. 

Hence the inclination of a demodulated signal 
which is needed in a calculation process of the phase 
component of a signal identification clock can be surely 
obtained. 

Where the identifying circuit 1 1 described above is 
used for a high-speed clock operation, the signal incli- 
nation detecting unit consists of a delaying unit that cal- 
culates with high-speed clocks and delays the output of 
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the identifying circuit 1 1 , a latch unit that holds the out- 
put of the identifying circuit 11 and the output of the 
delaying unit with clocks slower than the high-speed 
clocks, and a comparing unit that compares the output 
of the identifying circuit with the output of the delaying 
unit each held in the latch unit and then detects the incli- 
nation of the demodulated signal. 

In order to detect the inclination of a demodulated 
signal by the signal inclination detecting unit, the delay- 
ing unit calculates with high-speed clocks to delay the 
output from the identifying circuit 1 1 , the latch unit holds 
the output of the identifying circuit 1 1 and the output of 
the delay unit with clocks slower than the high-speed 
clocks, and the comparing unit compares the output of 
the identifying circuit with the output of the delaying unit 
each held in the latch unit 11. 

Therefore, the sensitivity of detecting the inclination 
of a demodulated signal can be improved and the phase 
component of a signal identification clock can be 
obtained with higher accuracy. 

Moreover, the identifying circuit 1 1 is formed of plu- 
ral identifying units corresponding to the number of plu- 
ral demodulated signals obtained by demodulating a 
multilevel orthogonal modulated signal. Clocks with dif- 
ferent predetermined phase shift may be supplied 
between the identifying units. The signal inclination 
detecting unit includes a comparing unit that compares 
the outputs of the identifying units and then detects the 
inclination of the demodulated signal. 

In this case, the comparing unit in the signal inclina- 
tion detecting unit compares the output of the identifying 
units to detect the inclination of the demodulated signal. 

Hence, the phase component of a signal identifica- 
tion clock can be obtained with higher accuracy in the 
simple configuration, without using the identifying unit 
operated with high-speed clocks. 

The clock phase calculating unit, in concrete, may 
be formed as a multiplying unit that subjects the output 
of the error detecting unit and the output of the signal 
inclination detecting unit to a multiplying calculation, or 
as an exclusive OR calculation unit that performs an 
exclusive OR calculation process. 

The phase component of a signal identification 
clock output from the clock phase calculating unit can 
be obtained by subjecting the output of the enor detect- 
ing unit and the output of the signal inclination detecting 
unit to a multiplying calculation by means of the multi- 
plying unit, or by performing an exclusive OR calculation 
by means of the exclusive OR operation unit. 

Hence, the phase component detecting circuit can 
be realized very easily and in a simplified configuration. 

Furthermore, the specific signal judging unit 
includes plural signal judging units that judge plural 
kinds of specific signals. A selection unit that selects 
decision results sent from plural signal judging units is 
arranged between the specific signal judging unit and 
the gating unit. 



In this case, the selecting unit can selectively output 
a specific one among decision results from plural signal 
judging units. 

Since the decision results from plural specific signal 
5 judging units can be selectively output, provided that it 
is judged that a specific signal has a good signal quality, 
the phase component of a signal identification clock out- 
put out of the gating unit can be further improved in 
accuracy. 

io Rg. 2 is a block diagram showing the second 
aspect of the present invention. Referring to Fig. 2, 
numeral 2A represents a clock regenerating circuit. The 
clock regenerating circuit 2A is arranged in the receiving 
unit of multiplex radio equipment including an identifying 

75 circuit 1 1 that identifies a signal obtained by demodulat- 
ing a multilevel orthogonal modulated signal at a prede- 
termined identification level and an equalizing circuit 
that subjects a demodulated signal obtained by demod- 
ulating a multilevel orthogonal modulation signal to an 

20 equalizing process. The clock regenerating circuit 2A 
regenerates a signal identification clock for the identifi- 
cation circuit 1 1 and supplies it to the identifying circuit 
11. 

The clock regenerating circuit 2A includes a clock 

25 regenerating unit 15. a phase adjusting unit 16, and a 
clock phase detecting unit 14A. 

The clock regenerating unit 15 regenerates a signal 
identification clock from a multilevel orthogonal modu- 
lated signal to be detected. The phase adjusting unit 16 

30 adjusts the phase of a clock from the clock regenerating 
unit 15 to supply to the identifying circuit 1 1 . The clock 
phase detecting unit 14A detects the phase component 
of a signal identification clock based on the input and 
output signals of the equalizing circuit 13 and supplies 

35 the resultant component as a phase adjustment control 
signal to the phase adjusting unit 16. 

As shown in Fig. 2, the clock regenerating circuit 2A 
regenerates a signal identification clock for the identify- 
ing circuit 1 1 to the identifying circuit 1 1 . In concrete, the 

40 clock regenerating unit 1 5 regenerates a signal identifi- 
cation clock from a multilevel orthogonal modulation sig- 
nal to be detected. The phase adjusting unit 16 adjusts 
the phase of a clock from the clock regenerating unit 15 
and then supplies to the identifying circuit 11. The 

45 phase adjustment of the phase adjusting unit 16 is per- 
formed with a phase adjustment control signal which is 
obtained by the clock phase detecting unit 14A that 
detects the phase component of a signal identification 
dock based on the input and output signals of the 

so equalizing circuit 13. 

The clock regenerating circuit 2A has an advantage 
in that the phase component of a signal identification 
clock for the identifying circuit 1 1 can be adjusted accu- 
rately so that the accuracy of the signal identification 

55 process in the identifying circuit 11 can be greatly 
improved. 

An averaging unit may be arranged between the 
clock phase detecting unit 14A and the phase adjusting 
unit 16 to average the output from the clock phase 
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detecting unit 14 A, thus averaging the output from the 
clock phase detecting unit 1 4A. 

Hence, the phase adjusting control signal can be 
obtained with more accuracy. 

In the clock regenerating circuit 2A, the identifying 5 
circuit 1 1 may be formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating the multilevel orthogonal modulated sig- 
nal. The clock regenerating unit 15, the phase adjusting 
unit 16. and the clock phase detecting unit 14A may be 10 
used in common to plural identifying units. 

In this case, the phase component of a clock identi- 
fication clock for each of the plural identifying units is 
detected by the clock phase detecting unit 14A used in 
common to the plural identifying units. The phase com- is 
ponent is supplied as a phase adjustment control signal 
for a signal identification clock regenerated by the clock 
regenerating unit 15 to the phase adjusting unit 16 
shared by the identifying units 15. 

. : Hence, in the receiving unit of multiplex radio equip- 20 
ment that demodulates a multilevel orthogonal modu- 
lated signal to obtain plural signals, the phase 
component of a signal identification clock can be 
detected and adjusted very easily. 

In the clock regenerating circuit 2A, the identifying 25 
circuit 1 1 may be formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulation signal. 
An averaging unit is arranged between the clock phase 
detecting unit 14A and the phase adjusting unit 16 to 30 
average the output from the clock phase detecting unit 
14A. The clock regenerating unit 15, the phase adjust- 
ing unit 16, the averaging unit, and the clock phase 
detecting unit 14A may be used in common to the plural 
identifying units. 35 

In this case, the clock phase detecting unit 14A 
used in common to the plural identifying units detects 
the phase component of a signal identification clock for 
each of plural identifying units. The averaging unit per- 
forms an averaging process for the deteted phase com- 40 
ponent. The averaged phase component is supplied as 
a phase adjustment and control signal for a signal iden- 
tification clock regenerated by the clock regenerating 
unit 15 to the phase adjusting unit 16 used in common 
by the plural identifying units. 45 

Hence, in the receiving unit of multiplex radio equip- 
ment in which plural demodulated signals are obtained, 
the phase component of a signal identification clock can 
be detected and adjusted very easily. In this case, since 
the averaging unit can average the output (phase so 
adjustment and control signal) from the clock phase 
detecting unit 14A. the phase adjustment and control 
signal can be obtained with higher accuracy. 

In the clock regenerating circuit 2A, the identifying 
circuit 1 1 consists of plural identifying units correspond- 55 
ing to plural signals obtained by demodulating multilevel 
orthogonal modulation signal. The clock regenerating 
unit 15 is used in common to the plural identifying units. 
Plural phase adjusting units 16 and plural clock phase 



detecting units 14A may be arranged corresponding to 
the identifying units. 

In this case, the phase components of signal identi- 
fication clocks for the plural identifying units are respec- 
tively detected by the clock phase detecting units 14A 
arranged corresponding to the identifying units. Each 
phase component is supplied as a phase adjustment 
and control signal for a signal identification clock regen- 
erated by the clock regenerating unit 15 to each of the 
phase adjusting units 16. 

Hence, the clock phase detecting unit 14A corre- 
sponding to each identifying unit can detect the phase 
component of a signal identification clock for each of 
plural identifying units. Each phase adjusting unit 16 
can adjust the phase component to supply to the corre- 
sponding identifying unit. Thus the accuracy of the sig- 
nal identifying process in each identifying unit can be 
further improved. 

In the clock regenerating circuit 2A, the identifying 
circuit 11 is formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal. 
An averaging unit may be arranged between the clock 
phase detecting unit 14A and the phase adjusting unit 
16 to average the output from the clock phase detecting 
unit 14A. The clock regenerating unit 15 is shared with 
the identifying units. Plural phase adjusting units 16, 
plural averaging units, and plural clock phase detecting 
units 14A may be arranged corresponding to the identi- 
fying units. 

In this case, the phase components of signal identi- 
fication clocks for plural identifying units are respectively 
detected by the clock phase detecting units 14A 
arranged corresponding to the identifying units. Each of 
the averaging units averages each of the phase compo- 
nents and then supplies the resultant phase component 
as phase adjustment and control signals for the signal 
identifying clocks regenerated by the clock regenerating 
unit 15 to each of the phase adjusting units 16. 

In this case, the signal identification clock for each 
of plural identifying units can be obtained from the cor- 
responding clock phase detecting unit 14A. Each of the 
averaging units can average a phase adjustment and 
control signal for the phase adjusting unit 16 being the 
output from the clock phase detecting unit 14A. Hence 
the accuracy of a signal identification process in each 
identifying unit can be further improved. 

The clock regenerating circuit 2A may include a 
selecting unit that selectively outputs the output of the 
clock phase detecting unit 1 4A and the output of the test 
signal generating unit, in addition to a test signal gener- 
ating unit that generates a test signal. Thus the output of 
the selecting unit is supplied as an input to the phase 
adjusting unit 16. 

In the clock regenerating circuit 2A. the test signal 
generating unit generates a test signal. The selecting 
unit selects the output of the clock phase detecting unit 
14 or the output of the test signal generating unit to sup- 
ply as an input to the phase adjusting unit 16. 
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The signal identification clock for the identifying cir- 
cuit can be tested and regenerated very easily by test- 
ing a phase adjustment process in the phase adjusting 
unit. This feature leads to improving the performance of 
the multiplex radio equipment. 

Fig. 3 is a block diagram illustrating the third aspect 
of the present invention. Referring to Fig. 3, numeral 2B 
represents a clock regenerating circuit. The clock 
regenerating circuit 2B is arranged in the receiving unit 
of multiplex radio equipment including an identifying cir- 
cuit 1 1 that identifies a signal obtained by demodulating 
a multilevel orthogonal modulated signal at a predeter- 
mined identification level, and an equalizing circuit that 
subjects the signal obtained by demodulating the multi- 
plex orthogonal modulation signal to an equalizing proc- 
ess. A signal identification clock for the identifying circuit 
1 1 is regenerated to supply to the identifying circuit 1 1 . 

The clock regenerating circuit 2B, as shown in Fig. 
3, includes a clock phase detecting unit 1 4A, a loop filter 
unit 17, and an oscillating unit 18. 

In this case, the clock phase detecting unit 14A 
detects the phase component of a signal identification 
clock based on the input signal and the output signal of 
the equalizing circuit 13. The loop filter unit 17 inte- 
grates the output of the clock phase detecting unit 14A. 
The oscillating unit 18 receives as a control input the 
output of the loop filter unit 1 7 and then outputs a signal 
identification clock for the identifying unit 1 1 to the iden- 
tifying circuit 1 1 . 

In the clock regenerating circuit 2B shown in Fig. 3, 
the clock phase detecting unit 14A detects the phase 
component of a signal identification clock based on the 
input signal and the output signal of the equalizing cir- 
cuit 13 and the loop filter unit 17 integrates the output of 
the clock phase detecting unit 14A. The oscillating unit 
18 receives as a control input the output from the loop 
filter unit 17 and then outputs a signal identification 
clock for the identifying unit 1 1 to the identifying circuit 
11. 

According to the clock regenerating circuit 2B, there 
is an advantage in that thQ simplified configuration 
allows the identifying circuit 11 to improve greatly the 
performance of the signal identification process. 

In the clock regenerating circuit 2B, the identifying 
circuit 1 1 may be formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal. 
The clock phase detecting unit 14 A, the loop filter unit 
17, and the oscillating unit 18 are used in common to 
the identifying units. 

In such a case, the clock phase detecting unit 14A 
shared by the identifying units detects the phase com- 
ponent of a signal identification clock for each of plural 
identifying units. Then the loop filter unit 1 7 integrates 
the phase component to supply the result as a control 
input to the oscillating unit 18. 

Consequently, in the receiving unit of multiplex 
radio equipment which demodulates a multilevel orthog- 
onal modulation signal to obtain plural signals, the 



phase component of a signal identification clock can be 
adjusted automatically, accurately and very easily so 
that the accuracy of a signal identifying process in each 
identifying unit can be improved. 

5 In the clock regenerating circuit 2B, the identifying 

circuit 1 1 may be formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulation signal. 
Plural clock phase detecting units 14A are arranged 

io corresponding to the identifying units. The loop filter unit 

1 7 and the oscillating unit 1 8 are used in common to the 
identifying units. A composing unit may be arranged to 
compose the output of each of the clock phase detect- 
ing units 14 A. The output of the composing unit is sup- 

75 plied as an input to the loop filter unit 17. 

In this case, the composing unit composes the out- 
puts (the phase components of signal identification 
clocks) of the plural clock phase detecting units 14A 
arranged corresponding to the identifying units and then 

20 supplies them as an input to the loop filter unit 17. 

Hence, the more-simplified configuration can adjust 
accurately the phase components of signal identifica- 
tion clocks supplied from the oscillating unit 18, thus 
improving greatly the accuracy of the signal identifying 

25 process in each identifying unit. 

Furthermore, in the dock regenerating circuit 2B, 
the identifying circuit 1 1 may be formed of plural identi- 
fying units corresponding to the number of plural signals 
obtained by demodulating a multilevel orthogonal mod- 

30 ulation signal. Plural clock phase detecting units 14A 
and plural loop filter units 17 are arranged correspond- 
ing to the identifying units. The oscillating unit 18 is used 
in common to each identifying unit. A part of the plural 
identifying units are connected to the oscillating unit 18 

35 via the phase adjusting unit to supply as a control input 
the output of the loop filter unit 17 to the oscillating unit 

1 8 or the phase adjusting unit. 

Jn this case, the loop filter unit 17 supplies its output 
(a signal identification clock phase component) as a 

40 control input to the oscillating unit 18 or the phase 
adjusting unit. 

The phase components of signal identification 
clocks for the identifying units can be detected respec- 
tively by the corresponding clock phase detecting units 

45 1 4A and then supplied as a control input to the oscillat- 
ing unit 18 or the phase adjusting unit. Hence the phase 
component of a signal identification clock can be 
adjusted respectively by the oscillating unit 18 or the 
phase adjusting unit to supply the signal identification 

so dock to each identifying unit. This feature allows each 
identifying unit to improve greatly the accuracy of the 
signal identifying process. 

In the clock regenerating circuit 2B, the identifying 
circuit 1 1 may be formed of plural identifying units corre- 

55 sponding to the number of signals obtained by demodu- 
lating a multilevel orthogonal modulation signal. A 
second clock phase detecting unit is arranged to detect 
the phase component of a signal identification clock in a 
manner different from that in the clock phase detecting 
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unit 14A. The loop filter unit 17 and the oscillating unit 
18 are arranged in common to each identifying unit A 
composing unit is arranged to compose the output of 
the clock phase detecting unit 14A with the output of the 
second clock phase detecting unit. The output of the 
composing unit is supplied as an input to the loop filter 
unit 17. 

In this case, the output (the phase component of a 
signal identification clock) from the composing unit is 
supplied as an input to the loop filter unit 17. 

As described above, the composing unit composes 
the phase component of each signal identification clock 
detected by the clock phase component detecting unit 
14A with phase component of each signal identification 
clock for each identifying unit detected in a different 
method to supply as an input the resultant phase com- 
ponent to the loop filter unit 17. Hence the phase com- 
ponent of a signal identification clock can be adjusted 
more accurately, whereby the accuracy of the signal 
identification process, in each identifying unit can be 
improved more. 

Instead of the above-mentioned composing unit, a 
selecting unit, which outputs selectively the output of 
the clock phase detecting unit 14A and the output of the 
second clock phase detecting unit, may be arranged to 
input the output to the loop filter unit 1 7. In this case, the 
output of the selecting unit is supplied to the loop filter 
unit 17. 

In this case, the accuracy of the signal identifying 
process in each identifying unit can be more improved 
by adjusting accurately the phase component of a sig- 
nal identification clock. 

The clock regenerating circuit 2B may include a test 
signal generating unit that generates a test signal as 
well as a selecting unit that selects the output of the 
clock phase detecting unit 14A or the test signal gener- 
ating unit to supply it to the loop filter unit 1 7. 

Thus in the clock regenerating circuit 2B. the test 
signal generating unit generates a test signal and the 
selecting unit selectively outputs the output of the clock 
phase detecting unit 14A and the output of the test sig- 
nal generating unit. Hence the output of the selecting 
unit can be supplied as an input to the loop filter unit 1 7. 

Hence the signal identification clock for the identify- 
ing circuit 1 1 can be tested and regenerated very easily. 

Fig. 4 is a block diagram illustrating the fourth 
aspect of the present invention. Referring to Fig. 4, 
numeral 1 B represents a clock phase detecting circuit. 
The clock phase detecting circuit 1B is used in the 
receiving unit of multiplex radio equipment including an 
identifying circuit 1 1 that identifies a signal obtained by 
demodulating a multilevel orthogonal modulated signal 
at a predetermined identification level, and a clock 
regenerating circuit 12 that regenerates a signal identifi- 
cation clock for the identifying circuit 1 1 to supply the 
resultant to the identifying circuit 1 1 . 

As shown in Fig. 4, the clock phase detecting circuit 
1 B includes a clock phase detecting unit 14B. The clock 
phase detecting unit 14B detects the phase component 



of a signal identification clock, based on clock phase dif- 
ference information supplied to the identifying circuit 1 1 
and signal error differential information obtained by the 
identifying circuit 11, and then supplies it to the clock 

5 regenerating circuit 12. 

In the clock phase detecting circuit 1 B shown in Fig. 
4, the clock phase detecting unit 14B detects the phase 
component of a signal identification clock based on the 
clock phase difference information supplied to the iden- 

10 tifying circuit 1 1 and the signal error differential informa- 
tion obtained by the identifying circuit 11, and then 
supplies the same to the dock regenerating circuit 12. 

According to the clock phase detecting circuit 1B 
arranged in the receiving unit of multiplex radio equip- 

75 ment of the present invention, the simplified configura- 
tion can improve greatly the accuracy of the signal 
identification clock regenerating process. Hence the 
accuracy of the signal identifying process in the identify- 
ing circuit 1 1 can be greatly improved. 

20 In concrete, the clock phase detecting unit 1 4B con- 
sists of a clock phase difference detecting unit that 
detects clock phase difference information supplied to 
the identifying circuit 11. a signal error differential 
detecting unit that detects signal error differential infor- 

25 mation obtained by the identifying circuit 1 1 , and a clock 
phase calculating unit that detects the phase compo- 
nent of a signal identif ication clock by calculating based 
on the output of the clock phase difference detecting 
unit and the output of the signal error differential detect- 

30 ing unit. 

In order to detect the phase component of a signal 
identification clock by the clock phase detecting unit 
14B, the clock phase difference detecting unit detects 
the clock phase difference information supplied to the 

35 identifying circuit 11 and the signal error differential 
detecting unit detects the signal error differential infor- 
mation obtained by the identifying circuit 11. Then the 
clock phase calculating unit subjects the output of the 
clock phase difference detecting unit and the output of 

40 the signal error differential detecting unit to a calculation 
process. 

Hence, the simplified configuration can detect 
surely the phase component of a signal identification 
clock. 

45 Furthermore, the clock phase calculating unit is 
formed as a dividing unit that subjects the output of the 
error detecting unit and the output of the signal inclina- 
tion detecting unit to a division calculation process. In 
the division process of the clock phase operating unit, 

so the dividing unit subjects the output of the error detect- 
ing unit and the output of the signal inclination detecting 
unit to a division calculation process. 

Hence the clock phase calculating unit can be real- 
ized very easily. 

55 In this case, the clock phase calculating unit may be 
constituted as an exclusive OR calculating unit that sub- 
jects the output of the error detecting unit and the output 
of the signal inclination detecting unit to an exclusive 
OR calculation process. In the operation in the clock 



11 



BNSDOCID: <EP 0732B29A2J_> 



21 



EP 0 732 829 A2 



22 



phase calculating unit, the exclusive OR calculating unit 
subjects the output of the error detecting unit and the 
output of the signal inclination detecting unit to an exclu- 
sive OR calculation process. 

Hence, the clock phase calculating unit can be real- 
ized readily in a more-simplified configuration. 

Fig. 5 is a block diagram illustrating the fifth aspect 
of the present invention. Referring to Fig. 5, numeral 2A' 
represents a clock regenerating circuit. The clock 
regenerating circuit 2A' is arranged in the receiving unit 
of multiplex radio equipment including an identifying cir- 
cuit 1 1 that identif ies a signal obtained by demodulating 
a multilevel orthogonal modulated signal at a predeter- 
mined identification level. The clock regenerating circuit 
2 A' regenerates a signal identification clock to the iden- 
tifying units for the identifying circuit 1 1 . 

As shown in Fig. 5, the clock regenerating circuit 
2A' includes a clock regenerating unit 15. a phase 
adjusting unit 16. and a clock phase detecting unit 14B. 

The clock regenerating unit 15 regenerates a signal 
identification clock from a multilevel orthogonal modu- 
lated signal to be detected. The phase adjusting unit 16 
adjusts the phase of a clock from the clock regenerating 
unit 15 to supply to the identifying circuit 11. The clock 
phase detecting unit 14B detects the phase component 
of a signal identification clock based on clock phase dif- 
ference information supplied to the identifying circuit 1 1 
and signal error differential information obtained by the 
identifying circuit 1 1 to supply the phase component to 
the clock regenerating circuit 15. 

In the clock regenerating circuit 2A' shown in Fig. 5, 
the clock regenerating unit 15 regenerates a signal 
identification clock from a multilevel orthogonal modu- 
lated signal to be detected, and the phase adjusting unit 
16 adjusts the phase of a clock from the clock regener- 
ating unit 15 to supply to the identifying circuit 11. The 
clock phase detecting unit 14B detects the phase com- 
ponent of a signal identification clock based on clock 
phase difference information supplied to the identifying 
circuit 1 1 and signal error differential information 
obtained by the identifying circuit 1 1 to supply to the 
clock regenerating circuit 2A\ 

Hence according to the clock regenerating circuit 
2A' arranged in the receiving unit of multilevel radio 
equipment of the present invention, even if an equaliz- 
ing circuit that subjects a demodulated signal to an 
equalizing process is not provided, the accuracy of a 
signal identification clock can be improved by the very- 
simplified configuration. 

An averaging unit may be arranged between the 
clock phase detecting unit 14B and the phase adjusting 
unit 16 to average the output of the clock phase detect- 
ing unit 14B. Hence the averaging unit can average the 
output (the phase component of a signal identification 
clock) from the clock phase detecting unit 14B. 

Hence, a signal identification clock can be regener- 
ated with higher accuracy. 

In the clock regenerating circuit 2A\ the identifying 
circuit 1 1 may be formed of plural identifying units corre- 



sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal. 
The clock regenerating unit 15. the phase adjusting unit 
16, and the clock phase detecting unit 14B may be 

5 arranged in common to the identifying units. 

In this case, the phase component of a signal iden- 
tification clock for each identifying unit is detected by the 
clock phase detecting unit 1 4B shared with each identi- 
fying unit and then supplied to the phase adjusting unit 

10 1 6 as a phase adjustment and control signal for a signal 
identification clock regenerated by the clock regenerat- 
ing unit 15. 

Hence, in the receiving unit of the multiplex radio 
equipment in which plural signals are obtained by 

75 demodulating a multilevel orthogonal modulated signal, 
the phase component of a signal identification clock for 
each identifying unit can be adjusted accurately so that 
the accuracy of a signal identifying process in each 
identifying unit can be improved greatly. 

20 Moreover, in the clock regenerating circuit 2A\ the 
identifying circuit 1 1 is formed of plural identifying units 
corresponding to the number of plural signals obtained 
by demodulating a multilevel orthogonal modulated sig- 
nal. An averaging unit that averages the output from the 

25 clock phase detecting unit 14B is arranged between the 
clock phase detecting unit 14B and the phase adjusting 
unit 16. The clock regenerating unit 15. the phase 
adjusting unit 16. the averaging unit, and the clock 
phase detecting unit 14B are used in common to each 

30 identifying unit. 

In this case, the clock phase detecting unit 14B 
shared by each identifying unit detects the phase com- 
ponent of a signal identification clock for each identify- 
ing unit. The averaging unit shared by each identifying 

35 unit averages the phase component and then supplies 
the resultant component as a phase adjustment and 
control signal to adjust the phase of a signal identifica- 
tion clock regenerated by the clock regenerating unit 15. 
to the phase adjusting unit 1 6. 

40 Hence, since the averaging unit can average the 
phase component of a signal identification clock, it can 
adjust more accurately the same and then deliver to 
each identifying unit. Thus it is possible to improve more 
greatly the accuracy of the signal identifying process in 

45 each identifying unit. 

In the clock regenerating circuit 2A\ the identifying 
circuit 1 1 maybe formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal. 

so The clock regenerating unit 1 5 is used in common to 
each identifying unit. Plural phase adjusting units 16 
and plural clock phase detecting units 14B are arranged 
corresponding to the identifying units. 

In this case, the clock phase detecting units 14B 

55 arranged corresponding to the identifying units detect 
respectively the phase components of signal identifica- 
tion clocks for the identifying units and then supply them 
to the phase adjusting unit 16. 
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Hence, since the dock phase detecting units 14B 
arranged corresponding to the identifying units detect 
respectively the phase component of a signal identifica- 
tion clock and the phase adjusting units 16 can adjust 
them, the signal identifying clock can be supplied with 5 
higher accuracy. 

In the clock regenerating circuit 2A', the identifying 
circuit 11 is formed of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal, to 
An averaging unit is arranged between the dock phase 
detecting unit 14B and the phase adjusting unit 16 to 
average the output of the clock phase detecting unit 
14B. The clock regenerating unit 15 is shared with each 
identifying unit. Plural phase adjusting units 16, plural 15 
averaging units, and plural clock phase detecting units 
14B may be arranged corresponding to the identifying 
units. 

In this case, the clock phase detecting units 14B 
arranged corresponding to the identifying units detect 20 
respectively the phase components of signal identifica- 
tion clocks for the identifying units. The averaging units 
arranged corresponding to the identifying units average 
the phase components to supply to the phase adjusting 
units 1 6 as phase adjustment and control signals of sig- 25 
nal identification clocks regenerated by the clock regen- 
erating unit 1 5. 

Hence, the phase components of signal identifica- 
tion clocks are respectively detected by the clock phase 
detecting units corresponding to the identifying units, 30 
averaged by the averaging units, and adjusted by the 
phase adjusting units. Hence the signal identification 
clocks can be supplied with higher accuracy to the iden- 
tifying units. 

The dock regenerating circuit 2A' may include a 35 
test signal generating unit that generates a test signal 
as well as a selecting unit that selectively outputs the 
output of the clock phase detecting unit 14B and the 
output of the test signal generating unit. The output of 
the selecting unit may be input to the phase adjusting 40 
unit 16. 

In the clock regenerating circuit 2A\ the test signal 
generating unit generates a test signal. The selecting 
unit selectively outputs the output from the clock phase 
detecting unit 14B and the output from the test signal 45 
generating unit to input the selected one to the phase 
adjusting unit 16. 

Hence, the signal identification clock sent to the 
identifying circuit 1 1 can be tested and regenerated very 
easily. 50 

Fig. 6 is a block diagram showing the sixth aspect of 
the present invention. Referring to Fig. 6. numeral 2B' 
represents a clock regenerating circuit. The dock 
regenerating circuit 2B' is arranged in the receiving unit 
of multiplex radio equipment including an identifying cir- 55 
cuit 1 1 that identifies a signal obtained by demodulating 
a multilevel orthogonal demodulated signal at a prede- 
termined identification level. The dock regenerating dr- 



cuit 2B' regenerates a signal identification clock for the 
identifying circuit 1 1 to the identifying circuit 1 1 . 

As shown in Fig. 6, the clock regenerating circuit 
2B' includes a clock phase detecting unit 1 4B, a loop fil- 
ter unit 1 7, and an oscillating unit 1 8. 

The clock phase detecting unit 14B detects the 
phase component of a signal identification clock based 
on clock phase difference information supplied to the 
identifying circuit 1 1 and signal error differential infor- 
mation obtained by the identifying circuit 1 1 to supply it 
to the dock regenerating circuit 12B. The loop filter unit 
17 integrates the output of the clock phase detecting 
unit 14B. The oscillating unit 18 outputs a signal identifi- 
cation clock for the identifying circuit 1 1 to the identifying 
drcuit 11 in response to the output acting as a control 
input of the loop filter unit 17. 

As shown in fig. 6, in the clock regenerating circuit 
2B\ the clock phase detecting unit 14B detects the 
phase component of the signal identification clock 
based on the clock phase difference information sup- 
plied to the identifying circuit 1 1 and signal error differ- 
ential information obtained by the identifying drcuit 1 1 . 
The loop filter unit 17 integrates the resultant phase 
component. The oscillating unit 18 receives the output 
of the loop filter unit 1 7 as a control input and then out- 
puts a signal identification clock for the identifying drcuit 
1 1 to the identifying circuit 1 1 . 

Hence, according to the clock regenerating drcuit 
2B\ even if an equalizing circuit that subjects a demod- 
ulated signal to an equalizing process is not arranged, 
the simplified configuration can improve greatly the 
accuracy of the signal identification clock. 

In the clock regenerating circuit 2B\ the identifying 
circuit 1 1 may consist of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal. 
The clock phase detecting unit 14B, the loop filter unit 
17, and the oscillating unit 18 are used in common to 
the identifying units. 

In this case, the phase component of a signat iden- 
tification clock to each identifying unit is detected by the 
dock phase detecting unit 14B which is shared by the 
identifying units. The detected phase component is inte- 
grated by the loop filter unit 17. The oscillating unit 18 
receives the result as a control input to produce signal 
identification docks. 

Hence, in the receiving unit of the multiplex radio 
equipment which demodulates a multilevel orthogonal 
modulated signal to obtain plural signals, the oscillating 
unit 18 adjusts very easily the phase component of a 
signal identification clock for each identifying unit to sup- 
ply to each identifying unit. This feature allows each 
identifying unit to improve the accuracy of a signal iden- 
tifying process. 

In the clock regenerating circuit 2B\ the identifying 
circuit 1 1 may consist of plural identifying units corre- 
sponding to plural signals obtained by demodulating a 
multilevel orthogonal modulation signal. Plural clock 
phase detecting units 14B are arranged corresponding 
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to the plural identifying units. The loop filter unit 17 and 
the oscillating unit 18 are used in common to the identi- 
fying units. A composing unit is arranged to compose 
the output of each clock phase detecting unit 14B. The 
output of the composing unit is supplied as an input to 
the loop filer unit 17. 

In this case, the clock phase detecting units 14B 
arranged corresponding to the identifying units detect 
respectively the phase components of signal identifica- 
tion clocks sent to the identifying units. The detected 
phase components are composed by the composing 
unit. The loop filter unit 17 receives the result as an 
input. 

As described above, the clock phase detecting 
units arranged corresponding to the identifying units 
detect respectively the phase components of signal 
identifying clocks for each identifying unit. The compos- 
ing unit composes the detected phase components. 
Then the result is supplied to the oscillating unit 18 via 
the loop filter unit 17. Hence the signal identification 
process accuracy in each identifying unit can be greatly 
improved. 

Moreover, in the clock regenerating circuit 2B\ the 
identifying circuit 1 1 may be formed of plural identifying 
units corresponding to the number of plural signals 
obtained by demodulating a multilevel orthogonal mod- 
ulation signal. Plural clock phase detecting units 14B 
and plural loop filter units 17 are arranged correspond- 
ing to the identifying units. The oscillating unit 18 is used 
in common to the identifying units. A part of plural iden- 
tifying units are connected to the oscillating unit via the 
phase adjusting unit. The output of each loop filter unit 
1 7 is supplied as a control input to the oscillating unit 1 8 
or the phase adjusting unit. 

In this case, the clock phase detecting units 14B 
arranged corresponding to the identifying units detect 
respectively the phase components of signal identifica- 
tion clocks for each identifying unit. Each loop filter unit 
17 integrates the detected phase component to supply 
as a control input to the oscillating unit 18 or the phase 
adjusting unit. 

Hence, the oscillating unit 18 or the phase adjusting 
unit adjusts respectively the phase component of a sig- 
nal identification clock for each identifying unit and then 
supplies the signal identification clock to each identify- 
ing unit. Thus each identifying unit can improve greatly 
the accuracy of the signal identifying process. 

In the clock regenerating circuit 2B\ the identifying 
circuit 11 may consist of plural identifying units corre- 
sponding to the number of plural signals obtained by 
demodulating a multilevel orthogonal modulated signal. 
The second clock phase detecting unit is arranged to 
detect the phase component of a signal identification 
clock in a method different from the dock phase detect- 
ing unit 14B\ The loop filter unit 17 and the oscillating 
unit 18 are used in common to each identifying unit. A 
composing unit is arranged to compose the output of 
the clock phase detecting unit 1 4B and the output of the 
second clock phase detecting unit. The output of the 



composing unit is supplied as an input to the loop filter 
unit 17. 

In this case, the clock phase detecting unit 1 4B and 
the second clock phase detecting unit detect the phase 
5 component of a signal identification clock for each iden- 
tifying unit according to different methods, respectively. 
The composing unit composes the detected phase 
components to supply as an input to the loop filter unit 
17. 

10 Hence, the signal identification clock can be sup- 
plied to each identifying unit by adjusting more accu- 
rately the phase component of a signal identification 
clock for each identifying unit, whereby the accuracy of 
a signal identifying process in each identifying unit can 

is be more improved. 

In this example, instead of the composing unit, a 
selecting unit that outputs selectively the output of the 
clock phase detecting unit 14B and the output of the 
second clock phase detecting unit may be arranged to 

20 supply the resultant output as an input to the loop filter 
unit 17. 

In this case, the selecting unit selectively supplies 
the phase components of signal identification clocks' 
detected in a different method by means of the clock 
25 phase detecting unit 14B and the second clock phase 
detecting unit to the loop filter unit 17 as an input. 

Hence, in this case, the accuracy of a signal identi- 
fying process in each identifying unit can be greatly 
improved. 

30 The clock regenerating circuit 2B' may include a 
selecting unit that selectively outputs the output of the 
clock phase detecting unit 1 4B and the output of the test 
signal generating unit in addition to a test signal gener- 
ating unit that generates a test signal. The output of the 

35 selecting unit is supplied to the loop filter unit 17 as an 
input. 

Thus in the clock regenerating circuit 2B', the test 
signal generating unit generates a test signal and the 
selecting unit selectively outputs the output of the clock 
40 phase detecting unit 14B and the output of the test sig- 
nal generating unit to supply the selected one to the 
loop filter unit 17. 

Hence, the signal identification clock for the identi- 
fying circuit 1 1 can be tested and regenerated very eas- 
45 ily. 

(b) First Embodiment of the Present Invention: 

Next, the first embodiment according to the present 
so invention will be explained below by referring to the 
attached drawings. 

Rg. 7 is a block diagram showing the configuration 
of each of a dock phase detecting circuit and a clock 
regenerating circuit each arranged in the receiving unit 
55 in multiplex radio equipment, according to the first 
embodiment of the present invention. Referring to Fig. 
7, numeral 22 represents an orthogonal detecting unit 
that detects an IF band signal (in this embodiment, it is 
assumed that a multiplex radio equipment on an origi- 
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nating side performs an orthogonal modulation such as 
PSK or QAM) received by the multiplex radio equipment 
and obtained by performing a frequency conversion and 
then obtains two kinds of base band signals (an Ich sig- 
nal and a Qch signal) being different (perpendicular to) 5 
by 90° in phase from each other; 23 and 24 represent 
identifying units each that identifies the output (signals 
obtained by demodulating multilevel orthogonal modu- 
lated signals) from the orthogonal detecting unit 22 at a 
predetermined identification level; 25 represents an 10 
equalizer (equalizing circuit) that subjects the output (a 
signal obtained by demodulating a multilevel orthogonal 
modulation signal) from the identifying units 23 or 24 to 
an equalizing process. 

In this embodiment as shown in Fig. 9, the orthog- is 
onal detecting unit 22 consists of hybrid circuits (H) 221 
and 222, phase detectors 223 and 224, roll-off filters 
225 and 226, and a local oscillating unit 227. The iden- 
tifying units 23 and 24 correspond respectively to two 
kinds (pluraj) of signals (an Ich signal and a Qch signal) 20 
obtained by demodulating a multilevel orthogonal mod- 
ulated signal. The identifying units 23 and 24 are formed 
of two A/D converters, respectively. The equalizer 25 is 
formed of a transversal equalizer. 

In the orthogonal detecting unit 22, the hybrid cir- 25 
curt 221 splits the input IF signal into two signals. The 
two signals are output respectively to the phase detec- 
tors 223 and 224. At this time, the local oscillating unit 
227 supplies a carrier regenerating signal synchronized 
in phase with the a carrier wave to the hybrid circuit 222. 30 
The hybrid circuit 222 splits the carrier regenerating sig- 
nal into two signals with phases being different by 90° 
from each other and then outputs them respectively to 
the phase detectors 223 and 224. 

As a result, the phase detectors 223 and 224 pro- 35 
duce respectively base band signals (an Ich signal and 
a Qch signal) with phases being different by 90° from 
each other. The A/D converter (identifying unit) 23 sub- 
jects an Ich signal via the roll-off filter 225 to an A/D con- 
version (signal identification) while the A/D converter 40 
(identifying unit) 24 subjects a Qch signal via the roll-off 
filter 226 to an A/D conversion (signal identification). As 
a result, digital demodulated signals different from 90° 
in phase from each other are obtained. The transversal 
equalizer 25 subjects the digital demodulated signals to 45 
an equalizing process. 

Referring to Fig. 7, numeral 26 represents a phase 
component detecting unit. The clock regenerating cir- 
cuit 35 being the main portion according to the present 
invention consists of the integrator 27, the phase shifter so 
28, and the clock regenerating unit 29, in addition to the 
phase component detecting unit 26. According to the 
present embodiment, the phase component detecting 
unit 26. the integrator 27. the phase shifter 28, and the 
clock regenerating unit 29 are used in common to the 55 
identifying units 23 and 24. 

The phase component detecting unit (clock phase 
detecting unit (circuit)) 26 detects the phase component 
of a signal identification clock (signal identification 



clock) in the identifying units 23 and 24 based on the 
input and output signals (Ich signals)of the equalizer 25 
and then supplies it as a phase adjusting and control 
signal to the phase shifter 28 (to be described later). As 
shown in Fig. 8, the phase component detecting unit 26 
consists of an inclination judging unit 30, an error 
detecting unit 31 formed of a subtracter 31 1 and a clock 
phase calculating unit 32 formed of a multiplier 321. 

The inclination judging unit (signal inclination 
detecting unit) 30 detects the inclination of an Ich signal 
(demodulated signal) (as described later). In the error 
detecting unit 31, the subtracter 311 subjects the Ich 
input signal and the Ich output signal of the equalizer 25 
to an subtracting process to detect an error (hereinafter, 
referred to as a signal error) between the Ich input sig- 
nal and the Ich output signal of the equalizer 25. In the 
clock phase calculating unit 32, the multiplier 321 sub- 
jects the output of the inclination judging unit 30 and the 
output of the error detecting unit 31 (subtracter 311) to 
a multiplying process and then detects the phase com- 
ponent of a signal identification (A/D conversion) clock 
to the identifying units (A/D converters) 23 and 24. 

The inclination judging unit 30, as shown in Fig. 9, 
is formed of flip-flop (FF) circuits 301 and 302, a ROM 
303, and a time adjusting unit 304. Each of the FF cir- 
cuits (delaying units) 301 and 302 delays in time the out- 
put of the A/D converter 23. The ROM (comparing unit) 
303 compares the output from the FF circuit 301 with 
the output from the FF circuit 302 to detect the inclina- 
tion of the Ich signal (demodulated signal). 

The multiplier (clock phase calculating unit 32) 321 
multiplies the inclination of an Ich signal detected by the 
ROM 303 with the signal error of the Ich signal obtained 
by subjecting the input signal and the output signal of 
the transversal equalizer 25 to a subtracting process by 
means of the subtracter 31 1 (error detecting unit 31). As 
a result, each of the A/D converters 23 and 24 can 
obtain information (phase component) regarding the 
phase deviation of an A/D conversion (signal identifica- 
tion) clock supplied as an A/D conversion operation tim- 
ing. 

. Each of the time adjusting units 31 A and 304 
adjusts in time so as to agree the output from the incli- 
nation judging unit 30 with the output from the error 
detecting unit 31 in a multiplying timing of the clock 
phase calculating unit 32. 

The integrator (averaging unit) 27 arranged 
between the phase component detecting unit 26 and 
the phase shifter 28 averages the output of the phase 
component detecting unit 26. As shown in Fig. 9, the 
integrator 27 is formed of a resistor (R) 271 and a 
capacitor (C) 272. The resistor 271 and the capacitor 
272 averages an A/D conversion clock phase deviation 
information converted from a digital signal to an analog 
signal by the D/A converter 33. 

The phase shifter (phase adjusting unit) 28 adjusts 
the phase of an A/D conversion clock generated by the 
clock regenerating unit 29 (to be described later) based 
on the information regarding the phase deviation of an 
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A/D conversion clock detected by the phase component 
detecting unit 26 and averaged by the integrator 27 and 
then supplies the result to the identifying units (A/D con- 
verters) 23 and 24. 

The clock regenerating unit 29 regenerates the A/D 
conversion clock from the IF signal to be detected by the 
orthogonal detecting unit 22 and supplies it to the iden- 
tifying units (A/D converters) 23 and 24. Generally, as 
shown in Fig. 9, the clock regenerating unit 29 is formed 
of a square detecting unit 291 which performs a square 
detection, loop filters 292 and 295, a phase detector 
(PD) 294, an amplifier 296, and an oscillating unit 297. 
In this embodiment, the phase detector 294, the loop fil- 
ter 295. the amplifier 296, and the oscillating unit 297 
provide the so-called PLL circuit 293. 

The operations of the phase component detecting 
unit 26 and the clock regenerating circuit 35 each being 
the above-mentioned main element according to the 
present invention will be described below in detail with 
reference to Fig. 9. 

In the phase component detecting unit 26, each of 
the FF circuits 301 and 302 delays part of the Ich signal 
(digital demodulated signal) to be equalized by the 
transversal equalizer 25 at intervals of e.g. time T (that 
is, sampled at intervals of time T), and then inputs the 
information regarding each of signal levels at three 
points to the ROM 303. The ROM 303, for example, as 
shown in Fig. 10. time-sequentially stores and com- 
pares three pieces of information regarding the signal 
levels at three points (-T, 0, T) to detect the inclination 
"g" of the Ich signal. 

If the transversal equalizer 25 equalizes the Ich sig- 
nal with the inclination "g" by "e", the subtracter 31 1 in 
the error detecting unit 31 subjects the Ich signal to be 
equalized by the transversal equalizer 25 and the Ich 
signal after an equalizing process to a subtracting proc- 
ess, thus producing a signal error "e*. 

In this case, as shown in Fig. 10, the phase of the 
A/D conversion clock is shifted by "At" from the optimum 
phase at which the opening portion of the eye pattern is 
opened maximumly. However, the phase shift "At" is 
expressed by the following formula: 

At = gxe (1) 

where "g" is the inclination of the Ich signal and "e" is a 
signal error of the Ich signal. Hence the multiplier 321 in 
the clock phase calculating unit 32 detects an A/D con- 
version clock phase shift "At" by multiplying the inclina- 
tion "g" of the Ich signal by the signal error "e" of the Ich 
signal Then the phase shift "At" can be supplied to the 
clock regenerating circuit 35 and then regenerated as 
an A/D conversion clock phase adjustment and control 
signal in the clock regenerating unit 29. 

In the clock regenerating circuit 35. the IF signal to 
be detected by the orthogonal detecting unit 22 is proc- 
essed desirably through the square detecting unit 291 , 
the filter 292, and the PLL circuit 293 so that an A/D 
conversion timing signal is created to the A/D convert- 



ers 23 and 24. The D/A converter 33 converts the phase 
shift "At" of an A/D conversion clock as described above 
from a digital signal to an analog signal and then the 
integrator 27 averages the analog signal. The phase 

5 shifter 28 receives the output of the integrator 27 as a 
phase adjustment and control signal to adjust the phase 
shift of the A/D conversion clock, thus sending it to the 
A/D converters 23 and 24. 

Therefore, the A/D conversion clock to the A/D con- 
to verters 23 and 24 to be regenerated in the clock regen- 
erating circuit 35 can be always agreed to the optimum 
phase at which the opening portion of the eye pattern is 
opened maximumly. As a result, each of the A/D con- 
verters 23 and 24 can improve greatly the accuracy of 

15 the A/D conversion process. 

As described above, the error detecting unit 31 
detects the input signal to output signal error "e" of the 
transversal equalizer 25 while the inclination judging 
unit (signal inclination detecting unit) 30 detects the 

20 inclination "g" of the demodulated signal. Then the mul- 
tiplier 321 in the clock phase calculating unit 32 multi- 
plies the output of the error detecting unit 31 by the 
output of the inclination judging unit 30. Thus the phase 
shift (phase component) "At" of an A/D conversion clock 

25 can be obtained, whereby the phase shift of an A/D con- 
version clock can be surely detected. 

Furthermore, the A/D conversion clock for the A/D 
converters (identifying units) 23 and 24 is obtained by 
means of the phase component detecting unit 26, the 

30 integrator 27, the phase shifter 28, and the clock regen- 
erating unit 29 each used in common to the A/D con- 
verters (identifying units) 23 and 24. Hence in the 
receiving unit in the multiplex radio equipment wherein 
two kinds of orthogonal signals (an Ich signal and a Qch 

35 signal) are obtained by demodulating a multilevel 
orthogonal modulation signal such as 16QAM, the 
phase shift of an A/D conversion clock can be detected 
and adjusted by a very-simplified configuration. 

Since the integrator 27 can average the output 

40 (phase adjustment and control signal) of the phase 
component detecting unit 26, the accuracy of the phase 
adjustment and control signal to the phase shifter 28 
can be increased, whereby the phase shifter 28 can 
perform accurately the phase adjusting process. 

45 If the inclination "g" obtained by the inclination judg- 
ing unit 30 and the signal error "e" obtained by the error 
detecting unit 31 are simply expressed only by polarity, 
the clock phase calculating unit 32 (refer to Fig. 8) may 
be formed of an EX-OR gate (exclusive OR element) 

so 322 instead of the multiplier 321, as shown in Fig. 11. 
Hence the more simplified configuration can detect the 
phase shift (phase component) of an A/D conversion 
clock. 

In the clock regenerating circuit 35, the phase com- 
55 ponent detecting unit 26 arranged on the Ich channel 
side detects the phase shift of an A/D conversion clock 
from the Ich signal. However, the phase component 
detecting unit 26 may be arranged on the Qch channel 
side to detect the phase shift of an A/D conversion clock 
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based on the Qch signal. In the embodiments to be 
described later, the phase shift of an A/D conversion 
clock can be detected using either the Ich signal or Qch 
signal. 

Figs. 12 and 13 are block diagrams each illustrating 
another configuration of the clock regenerating circuit 
35. In the clock regenerating circuit 35A shown in Figs. 
12 and 13, the clock regenerating unit 29 is used in 
common to identifying units (A/D converters) 23 and 24. 
The phase shifter 28A, the integrator 27A, and the 
phase component detecting unit 26A which correspond 
respectively to the phase shifter 28, the integrator 27, 
and the phase component detecting unit 26, described 
w'rth Figs. 7 and 9, are arranged to the identifying unit 
23. The phase shifter 28B, the integrator 27B, and the 
phase component detecting unit 26B which correspond 
respectively to the phase shifter 28, the integrator 27, 
and the phase component detecting unit 26, described 
with Figs. 7 and 9, are arranged to the identifying unit 

24; 1 • - ■■ * * • 

Each of the phase component detecting units 26A 
and 26B shown in Fig. 13 resembles structurally the 
phase component detecting unit 26A shown in Fig. 11. 
The clock phase calculating unit 32 is constituted as an 
EX-OR gate 322. The clock phase calculating unit 32 
may be formed as the multiplier 321 shown in Fig. 7. In 
Figs. 1 2 and 1 3, the same signs as those shown in Figs. 
7 and 9 represent same elements. 

In the clock regenerating circuit 35A having the 
above-mentioned configuration, like the configuration 
shown in Figs. 7 and 9. the phase component detecting 
unit 26A arranged corresponding to the channel (Ich) 
identifying unit 23 detects the phase shift of an A/D con- 
version clock based on an Ich signal while the phase 
component detecting unit 26B arranged corresponding 
to the channel (Qch) identifying unit 24 detects the 
phase shift of an A/D conversion clock based on a Qch 
signal. The integrator 27 averages the phase shift of an 
A/D conversion clock to supply as a phase adjustment 
and control signal for the phase shifter 28A to the phase 
shifter 28A while the integrator 27 averages the phase 
shift of an A/D conversion clock to supply as a phase 
adjustment and control signal for the phase shifter 28B 
to the phase shifter 28B. As a result, the phase shifters 
28A and 28B adjust independently the phase of the A/D 
conversion clock regenerated in the clock regenerating 
unit 29 and supply it respectively to the identifying units 
23 and 24. 

Hence, compared with the clock regenerating cir- 
cuit 35 shown in Figs. 7 and 9, the signal identification 
clocks supplied to the identifying units 23 and 24 can be 
agreed with higher accuracy the optimum timing (at 
which the opening portion of the eye pattern is opened 
maximumly). Hence the accuracy of the signal identify- 
ing process in each of the identifying units 23 and 24 
can be improved largely. 

The inclination judging unit 30 in the phase compo- 
nent detecting unit 26 (26A or 26B), as described in Fig. 
10, detects the inclination "g M of an Ich signal by sam- 



pling and comparing the Ich signal to be equalized by 
the transversal equalizer 25 at the time T. However, the 
inclination of the Ich signal can be detected more accu- 
rately by shortening the sampling time. 

5 For example, when a high-speed identifying unit 

that calculates at a twofold clock speed is used for the 
identifying unit 23 and the Ich signal to be equalized by 
the transversal equalizer 25 is sampled at an interval of 
time T/2, the inclination of a signal can be accurately 

10 detected merely by comparing the signal levels at two 
points including a current time "0" and a past time 
T/2". 

Fig. 14 is a block diagram illustrating the configura- 
tion of a inclination judging unit using the high speed 

75 identifying unit 23' that calculates at a twofold clock 
speed instead of the identifying unit 23 based on the 
above-mentioned theory. In this case, the inclination 
judging unit 30A is formed of flip-flop (FF) circuits 305 
and 306 and a comparing unit 307. 

20 The FF circuit (delaying unit) 305 calculates at a 
twofold clock speed (high speed) to delay the output of 
the identifying unit 23* by the time T/2. The FF circuit 
(latching unit) 306 latches (holds) the output of the iden- 
tifying unit 23' and the output of the FF circuit 305 at 

25 intervals of time T, based on the basic clock (slower than 
the high speed clock) obtained by dividing the high 
speed clocks by means of the frequency divider 36. The 
comparing unit 307 compares the output of the identify- 
ing unit 23' latched by the FF circuit 306 with the output 

30 of the FF circuit 305 and then detects the inclination of 
the Ich signal (demodulated signal). 

In the inclination judging unit 30A having the above- 
mentioned configuration, the FF circuit 306, for exam- 
ple, as shown in Fig. 16, latches the current Ich signal 

35 (at the time "0") and the past Ich signal (at the time n - 
T/2") delayed by the time T/2 by the FF circuit 305 and 
then outputs them to the comparing unit 307 according 
to the basic clocks from the frequency divider 36. 

The comparing unit 307 compares the signal levels 

40 at two points of the time "0" and the time "-T/2" to detect 
the inclination of the Ich signal. 

Fig. 1 5 is a block diagram showing the detail config- 
uration of each of the clock regenerating circuit 35 A and 
the peripheral circuits in the case where the inclination 

45 judging unit 30A is applied instead of the inclination 
judging unit 30 in the phase component detecting unit 
26 shown in Fig. 9. In this case, a comparator (COMP) 
is used as the comparing unit 307 and a flip-flip (FF) cir- 
cuit with input and output terminals loop-connected par- 
se tially is used as the frequency divider 36. The time 
adjusting unit (t) 308 arranged to the output side of the 
FF circuit 306 adjusts the time for which the Ich signal is 
input to the subtracter 31 1 to agree the inclination of an 
Ich signal to be operated by the dock phase calculating 

55 unit 32 with the signal error in the input timing. 

In Fig. 15, an oscillating unit 297' which generates 
at a frequency twice the basic frequency (f) is used in 
the PLL circuit 293 to create two-fold speed clocks in the 
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clock regenerating unit 29. In Fig. 15. like numerals rep- 
resent like elements shown in Fig. 9. 

In this case, in the phase component detecting unit 
26, as shown in Fig. 14, the EX-OR gate (clock phase 
calculating unit 32) 322 calculates the inclination ol an 
Ich signal to be detected by the inclination judging unit 
30A just before the transversal equalizer 25 equalizes, 
and a signal error and then detects the phase shift of the 
A/D conversion clocks input to the A/D converters 23' 
and 24. The signal error is obtained by subjecting the 
input and output signals of the transversal equalizer 25 
to a subtracting process by the subtracter 311 (error 
detecting unit 31). 

Thereafter, like the configuration shown in Fig. 9, 
the D/A converter 33 converts the phase shift of the A/D 
conversion clock from the digital signal into an analog 
signal. Then the integrator 27 averages the analog sig- 
nal and outputs as a phase adjustment and control sig- 
nal to the phase shifter 18. The phase shifter 18 adjusts 
automatically the phase shift of the A/D conversion 
clock for the A/D converters 23' and 24 (in this case, 
two-fold speed clock) regenerated by the clock regener- 
ating unit 29 according to the above-mentioned phase 
adjustment and control signal to supply to the A/D con- 
verters 23* and 24. 

As described above, according to the clock regen- 
erating circuit 35A shown in Fig. 15. since the signal 
level of the Ich signal is sampled and compared at inter- 
vals of the time T/2" shorter than the basic clock sam- 
pling time T, using the two-fold high speed clocks, the 
inclination of the Ich signal can be detected more accu- 
rately. Hence the phase shift of the A/D conversion clock 
regenerated by the clock regenerating unit 29 can be 
adjusted more accurately and the A/D conversion 
clocks with higher accuracy can be obtained for the A/D 
converters 23' and 24. 

The phase component detecting unit 26 samples 
and compares the Ich signals at two points including the 
time n -Tf2 n and the time "0" to detect the inclination of 
the Ich signal. However, when a FF circuit is used to 
delay additionally the output of the FF circuit 305 by the 
time T^". the inclination of the Ich signal can be 
detected more accurately by sampling the Ich signals at 
three points including the time "-T/2", the time "(T, and 
the time "T/2" and then by comparing the signal level of 
the three Ich signals by the COMP 307. 

Instead of the high speed clock identifying unit (A/D 
converter) 23' that calculates at the two-fold clock 
speed, as shown in Fig. 17, the identifying units 23A 
and 23B shown in Fig. 7 or 12, and the delaying unit 37 
(in this example, the inverting gate 371) can be used to 
supply two kinds of clocks different in phase by T/2" 
from each other respectively to the identifying units 23A 
and 23B between the identifying units 23A and 23B. 
Thus the inclination judging unit 30B can be constituted 
of only the comparing unit 307 so that the Ich signal can 
be sampled at intervals of the time 'T/2\ 

For example, when the Ich signal (data), as shown 
in Fig. 19(a), is input to the identifying unit 23A, the 



clock pulses (1) having an "H" level at intervals of the 
time "T/2" is supplied to the identifying unit 23A as 
shown in Fig. 19(b). The clock pulses (2) different in 
phase by 172" from the clock pulses input to the identi- 

5 tying unit 23A (or clock pulses different in phase by a 
predetermined amount) is supplied to the identifying 
unit 23B by inverting a part of the clock pulses by the 
inverting gate 371 in the delaying unit 37. 

When the clock turns to the "H" level, each of the 

10 identifying units 23A and 23B outputs data. As a result, 
the comparing unit 307, for example, receives data at 
the time "0" and data at the time "T/2 m to compare the 
two signal levels., thus detecting the inclination of the Ich 
signal (data). 

is Fig. 18 is a block diagram illustrating the detailed 
configuration of the peripheral circuits in the case where 
the circuit described with Fig. 17 is applied as the clock 
regenerating circuit 35B to the clock regenerating circuit 
35A shown in Fig. 15. In Fig. 18, the identifying units 

20 23A and 23B are constituted as A/D converters. The 
comparing unit 307 is constituted as the comparator 
(COMP) 307. 

The A/D converter 23B receives the A/D conversion 
clocks obtained by delaying a part of the A/D conversion 

25 clocks supplied to the A/D converter 23A by the time 
172" by the delaying unit 37. The COMP 307 compares 
the signal levels of Ich signals at two points output at 
intervals of the time 172" to detect the inclination of the 
Ich signal. 

30 Thereafter, the EX-OR gate (clock phase calculat- 
ing unit 32) 321 subjects the inclination of an Ich signal 
obtained as described above and the signal error of the 
Ich signal to an exclusive OR calculation. The signal 
error of the Ich signal is obtained by subjecting the input 

35 signal and the output signal of the transversal equalizer 
25 to a subtracting process by the subtracter (error 
detecting unit 31) 311. Thus the phase shift of the A/D 
conversion clock to the A/D converters 23A, 23B and 24 
is detected. 

40 After the integrator 27 averages the phase shift of 
the A/D conversion clock, the phase shifter 28 receives 
the result as a phase adjustment and control signal to 
adjust the phase of the A/D conversion clock which is 
regenerated by the clock regenerating unit 29 and sup- 
45 plied to the A/D converters 23 and 24. 

As described above, according to the clock regen- 
erating circuit 35B which does not include the high- 
speed dock identifying unit (A/D converter) 23' shown in 
Figs. 14 and 15, the Ich signal can be sampled at inter- 
so vals of the time T^" by supplying clocks different in 
phase by the time "T/2" (or by a different predetermined 
amount in phase) respectively to the identifying units 
(A/D converters) 23A and 23B, without using the delay- 
ing circuit such as a flip-flop (FF) circuit. Hence, the 
55 inclination of an Ich signal can be detected more accu- 
rately using the more-simplified configuration, whereby 
the phase shift of the A/D conversion clock can be 
detected more accurately. 
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Hence the phase shifter 28 can adjust automatically 
and with high accuracy the phase shift of the A/D con- 
version clock for the identifying units (A/D converters) 
23A, 23B, and 24 to be regenerated by the clock regen- 
erating unit 29 and then supplies it to the identifying 
units (A/D converters) 23A, 23B, and 24. 

In the above embodiment, the inverting gate 371 in 
the delaying unit 37 (see Fig. 17) inverts the clock to be 
supplied to the identifying unit (A/D converter) 23A and 
then shifts the phase of the clock to be supplied to the 
identifying unit (A/D converter) 23B by T/2" to sample 
the Ich signal at intervals of the time "7/2". However, the 
Ich signal can be sampled at intervals of time shorter 
than the time T/2" (e.g. the time "0" and the time "a") as 
shown in Fig. 20, by using an element delaying the clock 
phase by the shorter time "d" than the time "T/2" in the 
delaying unit 37. As a result, the inclination of the Ich 
signal can be detected more accurately. 

Fig. 21 is a block diagram illustrating another con- 
figuration of the phase component detecting unit (clock 
phase detecting circuit) 26 described with Figs. 7 and 8. 
The phase component detecting unit 26C, shown in Fig. 
21, includes a signal judging unit 41 and a flip-flop (FF) 
circuit 42, in addition to the inclination judging unit 30, 
an error detecting unit 31 acting as the subtracter 311. 
and a clock phase calculating unit 32 acting as the mul- 
tiplier 321 described with Fig. 8. 

The signal judging unit (specific signal judging unit) 
41 judges whether the signal point of the Ich signal input 
to the inclination judging unit 30 and the error detecting 
unit 31 is at a specific position of the so-called eye pat- 
tern (e.g. near the middle portion of the eye pattern) and 
the Ich signal is in a relatively good state in signal qual- 
ity (or whether the signal point is a specific signal or 
not). The FF circuit (gating unit) 42 produces the phase 
shift (phase component) of an A/D conversion clock 
(signal identifying clock) obtained by the clock phase 
calculating unit 32 (multiplier 321), in response to signal 
notifying that the signal judging unit 41 judges that the 
signal point of the Ich signal to be input to the inclination 
judging unit 30 and the error detecting unit 31 is in a 
specific position of the eye pattern. ; 

Fig. 22 is a block diagram illustrating the detail con- 
figuration of the clock regenerating circuit 35C and the 
peripheral circuits in the case where the phase compo- 
nent detecting unit 26C is used instead of the phase 
component detecting unit 26 shown in Fig. 7. As shown 
in Fig. 22, the inclination judging unit 30 is formed of the 
flip-flop (FF) circuits 301 and 302 and the comparing 
unit (ROM) 303, corresponding to those shown in Fig. 9. 
The signal judging unit 41 is formed of a ROM 41 1 and 
an AND gate 412. Numerals 31 A, 31 B and 304 repre- 
sent time adjusting units (t) each which agrees with the 
operational timing of each unit. In Fig. 22, like numerals 
and symbols represent like elements in Fig. 9. 

In this case, the ROM 303 in the inclination judging 
unit 30 stores data regarding the inclination of an Ich 
signal detected. The ROM 41 1 within the signal judging 
unit 41 stores as signal quality status judging data par- 



tial data shown with the shaded portion among data 
formed of the so-called signal bit (D1 , D2) and an error 
bit (D3, D4, ...), as shown in Fig. 25. 

The phase component detecting unit 26C judges 
5 whether the signal point of an Ich signal input to the 
inclination judging unit 30 and the error detecting unit 31 
is at a specific position of an eye pattern, based on data 
stored in the ROM 303 in the signal judging unit 41. If 
the signal point is at the specific position, the clock 
io phase calculating unit (multiplier 321) 32 multiplies the 
inclination of an ich signal detected by the inclination 
judging unit 30 by the signal error of an Ich signal 
obtained by the error detecting unit (subtracter 31 1) 31 . 
Then the FF circuit 42 outputs the phase shift (phase 
is component) of the resultant A/D conversion clock. 

Thereafter, the D/A converter 33 converts the 
phase shift of the above-detected A/D conversion clock 
from a digital signal into an analog signal. Then the inte- 
grator 27 averages the resultant analog signal and then 
20 supplies it to the phase shifter 28 as an A/D conversion 
clock phase adjustment and control signal fdrthe A/D 
converters 23 and 24 regenerated by the clock regener- 
ating unit 29. 

As described above, according to the phase com- 
25 ponent detecting unit 26C. only when the signal point of 
an Ich signal input to the inclination judging unit 30 and 
the error detecting unit 31 is at a specific position of the 
eye pattern, the phase shift of the A/D conversion dock 
detected is supplied as a phase adjustment and control 
30 signal to the phase shifter 28. Hence the phase shift of 
the A/D conversion clock can be adjusted more accu- 
rately so that the A/D conversion clock for the A/D con- 
verters 23 and 24 can be agreed with the phase of 
optimum A/D conversion timing at which the opening of 
35 the eye pattern is opened at its maximum. 

Fig. 23 is a block diagram illustrating another con- 
figuration of the phase component detecting unit 26 
described with Figs. 7 and 8. The phase component 
detecting unit 26D shown in Fig. 23 includes signal 
40 judging units 41 A and 41 B, a flip-flop (FF) circuit 42, and 
a signal quality judging unit 44, in addition to the inclina- 
tion judging unit 30, the error detecting unit 31 acting as 
the subtracter 31 1 , and the clock phase calculating unit 
32 acting as the multiplier 321. A selecting unit 43 is 
45 arranged between the signal judging units 41 A and 41 B 
and the flip-flop (FF) circuit 42. 

Each of the signal judging units 41 A and 41 B corre- 
sponds to the signal judging unit 41 shown in Fig. 21. 
However, in this case, each of the signal judging units 
so 41 A and 41 B judges whether the signal point of the Ich 
signal input to the inclination judging unit 30 and the 
error detecting unit 31 is at a different specif ic position 
of the eye pattern (or judges plural kinds of specific sig- 
nals). The selecting unit 43 selects the decision result 
55 issued when it is judged that the signal point of the Ich 
signal to each of the signal judging units 41 A and 41 B is 
at a specific position, according to the control signal 
from the signal quality judging unit 44 (to be described 
later) and then outputs it to the FF circuit 42. 
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When receiving the output from the selecting unit 
43, the FF circuit (gating unit) 42 outputs the phase shift 
(phase component) of an A/D conversion clock (signal 
identification clock) obtained by the dock phase calcu- 
lating unit (multiplier 321) 32. The signal quality judging 
unit 44 judges the signal quality status of a demodulated 
signal and then supplies the decision result as a control 
signal for the selecting unit 43 to the selecting unit 43. 

As described above, in the phase component 
detecting unit 26D, the selecting unit 43 can selectively 
output the output of the signal judging unit 41 A or 41 B 
according to the signal quality status from the signal 
quality judging unit 44. In other words, since the specific 
position can be changed on the eye pattern of a signal 
point to be judged according to the signal quality status 
of the demodulated signal, the phase shift of an A/D 
conversion clock can be detected accurately without 
depending on the signal quality of an Ich signal (or a 
Qch signal) used to detect the phase shift of an A/D 
conversion clock. 

Fig. 24 is a block diagram illustrating the detailed 
configuration of the clock regenerating circuit 35D and 
the peripheral circuits to which the above-mentioned 
phase component detecting unit (clock phase detecting 
circuit) 26D is applied. The phase component detecting 
unit 26D, shown in Fig. 24. includes a selector (SEL) 
acting as the selecting unit 43 and a frame synchroniz- 
ing circuit acting as the signal quality judging unit 44 that 
performs an error correction to a post equalization sig- 
nal from the transversal equalizer 25. In Fig. 24, it 
should be noted that like numerals represent like ele- 
ments shown in Fig. 9. 

The clock regenerating circuit 35 (or 35A) shown in 
Fig. 7 (or Fig. 12) may include a random pulse generat- 
ing unit 47 and a selecting unit 46 which produces its 
output to the phase shifter 28 via the integrator 27 and 
the amplifier 45, as shown in Fig. 26. 

The random pulse generating unit (test signal gen- 
erating unit) 47 generates random pulses to test the 
clock regenerating circuit 35 (or 35A). In this case, the 
random pulse generating unit 47 generates the pulse of 
the middle value of a detection result in phase shift of an 
A/D conversion clock of the phase component detecting 
unit 26 (or 26Aor26B). 

The selecting unit 46 outputs selectively the output 
of the phase component detecting unit 26 (or 26A or 
26B) or the output of the random pulse generating unit 
47, in response to a test/normal switching signal. The 
integrator 27 corresponds to that described with Fig. 7 
(or Fig. 12) and averages the output of the selecting unit 
46. The amplifier 45 amplifies the output of the integra- 
tor 27 to a desired signal level. 

In concrete, the random pulse generating unit 47, 
as shown in Fig. 27, consists as a PN pattern generat- 
ing circuit formed of four flip-flop (FF) circuits 471 to 474 
and an EX-OR gate 475. The selecting unit 46 is formed 
as a selector (SEL). In Fig. 26 and Fig. 9 or 13. the 
same numerals represent the same elements. 



In such a configuration, when the SEL 46 receives 
an adjustment (or test) signal to adjust (test) the clock 
regenerating circuit 35. it selects a random pulse (test 
signal) generated by the PN pattern generating circuit 

5 47, instead of the phase shift (phase component) of an 
A/D conversion clock to the A/D converters 23 and 24 
detected by the phase component detecting unit 26 
shown in Figs. 7 to 9. Then the integrator 27 averages 
the random pulse and then sends the result as a phase 

10 adjustment and control signal for the phase shifter 28 to 
the phase shifter 28. 

Hence the phase shifter 28 can test and adjust very 
easily the phase shift of an A/D conversion clock to the 
A/D converters 23 and 24. 
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(c) Second Embodiment of the Present Invention: 



Fig. 28 is a block diagram showing the configuration 
of each of the clock phase detecting circuit and the 
20 clock regenerating circuit arranged in multiplex radio 
equipment according to the second embodiment. Refer- 
ring to Fig. 29, numeral 22 represents an orthogonal 
detecting unit that detects an IF signal obtained by sub- 
jecting it to a frequency conversion, the IF signal being 
25 received by the multiplex radio equipment similar to that 
shown in the first embodiment, and then produces two 
kinds of signals (an l-channel (Ich) signal and a Q-chan- 
nei (Qch) signal) with phases different by 90° from each 
other; 23 and 24 represent an identifying unit that iden- 
30 tify the output (a signal obtained by demodulating a mul- 
tilevel orthogonal modulated signal) of the orthogonal 
detecting unit 22 at a predetermined identification level; 
and 25 represents an equalizer (equalizing circuit) that 
subjects the outputs (a signal obtained by demodulating 
35 a multilevel orthogonal modulated signal) of the identify- 
ing units 23 and 24 to an equalizing process. 

In this embodiment, as shown in Fig. 29, the 
orthogonal detecting unit 22 consists of hybrid circuits 
(H) 221 and 222, the phase detectors 223 and 224, roll- 
40 off filters 225 and 226, and a local oscillating unit 227. 
The identifying units 23 and 24 are formed of two A/D 
converters corresponding to two kinds (plural) of signals 
(an Ich signal and a Qch signal) obtained by demodulat- 
ing a multilevel orthogonal modulation signal. The 
45 equalizer 25 is formed of a transversal equalizer. The 
above-mentioned elements have been explained in 
detail in the first embodiment by referring to Fig. 9. 
Hence the duplicate explanation will be omitted here. 
In Fig. 28, numeral 26 represents a phase compo- 
so nent detecting unit (clock phase detecting unit (circuit)) 
similar to that shown in Fig. 1 1 . In this case, as shown in 
Fig. 29, the phase component detecting unit 26 consists 
of the inclination judging unit 30 formed of flip-flop (FF) 
circuits 301 and 302. a ROM 303. and a time adjusting 
55 unit (t) 304, an error detecting unit 31 formed of the sub- 
tracter 311. and a clock phase calculating unit 32 
formed of the EX-OR gate 32. 

Numerals 27' and 28" represent each integrator 
and oscillator forming the clock regenerating circuit 35' 
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together with the phase component detecting unit 26. In 
this embodiment, the phase component detecting unit 
26. the integrator 27' and the oscillating unit 28' are 
used in common to the A/D converters 23 and 24. 

The integrator (loop filter unit) 27' integrates the 
output of the phase component detecting unit 26. In this 
case, like the integrator shown in Fig. 9, the integrator 
27* is formed of a resistor (R) 271 and a capacitor (C) 
272. The resistor 271 and the capacitor 272 integrates 
the phase shift (phase component) of an A/D conver- 
sion clock detected by the phase component detecting 
unit 26. 

Furthermore, the oscillating unit (oscillating unit) 
28' generates an A/D conversion clock (signal identifica- 
tion clock) for the A/D converters 23 and 24 to the A/D 
converters 23 and 24 in response to the output as a 
control input from the integrator 27\ Numeral 296 repre- 
sents an amplifier that amplifies information regarding 
the phase shift of an A/D conversion clock for the A/D 
converters 23 and 24 to be detectedby the phase com- 
ponent detecting unit 26 to a predetermined signal level. 

In the clock regenerating circuit 35* having the 
above-mentioned configuration, the phase component 
detecting unit 26 detects the phase shift of an A/D con- 
version clock based on the input signal and the output 
signal of the transversal equalizer 25 described in the 
first embodiment. Then the integrator 27' integrates the 
phase shift information and the amplifier 296 amplifies 
the result to a predetermined signal level. Then the 
resultant digital signal is output to the oscillating unit 28' 
without any change. 

The oscillating unit 28' receives the phase shift 
information as a control input and then adjusts automat- 
ically the phase shift of an A/D conversion clock to be 
sent to the A/D converters 23 and 24, thus producing an 
A/D conversion clock to the A/D converters 23 and 24. 

As described in the first embodiment, without con- 
verting information regarding the phase shift of an A/D 
conversion clock detected by the phase component 
detecting unit 26 from a digital signal form to an analog 
signal form and adjusting the phase shift of an A/D con- 
version clock regenerated based on the signal to be 
detected by the orthogonal detecting unit 22 using the 
analog signal, the clock regenerating circuit 35\ as 
shown in Fig. 29, outputs information regarding the 
phase shift of an A/D conversion clock as a control input 
in a digital signal form to the oscillating unit 28\ and 
then adjusts the A/D conversion clock using the digital 
signal. 

Therefore, although the dock regenerating unit 29 
and the phase shifter 28 are not arranged like the first 
embodiment, the very-simplified configuration can 
adjust automatically the phase shift of an A/D conver- 
sion clock to be sent to the A/D converters 23 and 24 so 
that the phase of the A/D conversion clock can be 
agreed to the optimum phase at which the opening of 
the eye pattern is opened maximumly. Thus the accu- 
racy of the A/D conversion process by the A/D convert- 
ers 23 and 24 can be improved greatly. 



Fig. 30 is a block diagram illustrating the detailed 
configuration of the clock regenerating circuit 35A' (the 
phase component detecting unit 26, the integrator 27', 
the amplifier 296, and the oscillating unit 28A') in the 

5 case where the phase component detecting unit 26 
shown in Fig. 29 includes the inclination judging unit 
30A in the first embodiment shown in Fig. 14 which 
samples an Ich signal at intervals of the time "T/2" with 
two-fold high speed clocks and then detects the inclina- 

70 tion of the Ich signal. In this case, the inclination judging 
unit 30A, as shown in Fig. 15, is formed of the flip-flop 
(FF) circuits 305 and 306 and the COMP (comparing 
unit) 307. 

The A/D converter 23' is a high speed A/D con- 
is verier which calculates with two-fold high speed clocks. 
The oscillating unit 28A' is a high-speed voltage-control- 
led oscillating unit (VCO) which calculates with two-fold 
high speed clocks (2f). 

In the dock regenerating circuit 35A* with the 
20 above-mentioned configuration shown in Fig. 30, the 
inclination judging unit 30A in the phase component 
detecting unit 26 shown in Figs. 14 and 15 samples an 
Ich signal at intervals of the time T/2" to detect the incli- 
nation of the Ich signal and the error detecting unit (sub- 
25 tracter 311) 31 obtains a signal error of the Ich signal 
based on the input signal and the output signal of the 
transversal equalizer 25. Then the clock phase calculat- 
ing unit (EX-OR gate 322) 32 subjects the inclination of 
the resultant Ich signal and the signal error to a calcula- 
te tion (exclusive OR calculation) to detect the phase shift 
(phase component) of an A/D conversion clock. 

The phase shift information is integrated by the 
integrator 27*. Then the result is amplified to a predeter- 
mined signal level by the amplifier 296 and then sent to 
35 the oscillating unit 28A' as it is in a digital signal form. 
When receiving the phase shift information as a control 
unit, the oscillating unit 28A' adjusts automatically the 
phase shift of an A/D conversion clock for the A/D con- 
verters 23 and 24, thus outputting the A/D conversion 
40 dock to the A/D converters 23 and 24. 

Therefore, even if the clock regenerating unit 29 
and the phase shifter 28 described in the first embodi- 
ment are not arranged, the very-simplified configuration 
can adjust automatically the phase shift of an A/D con- 
45 version dock sent to the A/D converters 23 and 24 and 
samples an Ich signal at intervals of the time "T/2" with 
two-fold high-speed clocks, thus detecting the inclina- 
tion of the Ich signal. Hence the phase shift of an A/D 
conversion clock can be detected more accurately. 
so Fig. 31 is a block diagram illustrating the detailed 
configuration of the dock regenerating circuit 35B' in the 
case where the indination judging unit 30B with no high- 
speed A/D converter applied as described with Figs. 17 
and 18 in the first embodiment, instead of the inclination 
55 judging unit 30A shown in Fig. 30. 

Hence, in this case, the oscillating unit 28B* which 
calculates with basic clocks is used as an oscillating 
unit. 
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In the clock regenerating circuit 35B' with the 
above-mentioned configuration which does not include 
the clock regenerating unit 29 and the phase shifter 28 
described in the first embodiment, the very-simplified 
configuration can adjust automatically the phase shift of 
an A/D conversion clock applied to the A/D conversion 
converters 23 and 24. 

In this case, even if the A/D converter 23' operated 
with high-speed clocks described in Fig. 30 and the 
delaying circuit such as a flip-flop (FF) circuit are not 
used, the Ich signal can be sampled at intervals of the 
time T/2" by supplying clocks from the delaying unit 37 
to the A/D converters 23A and 23B. the clocks being dif- 
ferent in phase by M T/2" (or a different phase shift) from 
each other, as described with Figs. 17 and 18. Hence 
the further-simplified configuration can detect accu- 
rately the inclination of the Ich signal so that the phase 
shift of an A/D conversion clock can be detected more 
accurately. 

Hence the phase shift of an A/D conversion clock 
for the A/D converters 23A, 23B, and 24 can be 
adjusted automatically and with high accuracy to supply 
to the identifying units (A/D converters) 23A, 23B, and 
24. 

Figs. 32 and 33 are block diagrams each illustrating 
another configuration of the clock regenerating circuit 
35* shown in Fig. 28. In the clock regenerating circuit 
35C shown in Figs. 32 and 33. as described with Figs. 
12 and 13, the phase component detecting unit (clock 
phase detecting unit) 26A and the integrator (loop filter 
unit) 27A' are arranged to the identifying unit 23 while 
the phase component detecting unit (clock phase 
detecting unit) 26B and the integrator (loop filter unit) 
27B' are arranged to the identifying unit 24. The oscillat- 
ing unit (oscillating unit) 28B' is used in common to the 
identifying units (A/D converters) 23 and 24. The identi- 
fying unit 23 (part of the identifying units) is connected 
to the oscillating unit 28B* via the phase shifter 28A, in 
the manner similar to that shown in Figs. 7 and 12. The 
output of the integrator 27A* or 27B' is supplied as a 
control input to the phase shjfter 28A or the oscillating 
unit 28B\ Numeral 296 represents an amplifier that 
amplifies information regarding the phase shift of an 
A/D conversion clock for the A/D converters 23 and 24 
detected by the phase component detecting unit 26B to 
a predetermined signal level. 

In brief, the clock regenerating circuit 35C shown in 
Figs. 32 and 33 is formed in a digital circuit configuration 
by using the oscillating unit 28B' and the amplifier 296 in 
the clock regenerating unit 29 of the clock regenerating 
circuit 35 A shown in Figs. 12 and 13. 

In the clock regenerating circuit 35C\ the phase 
component detecting unit 26A arranged to the A/D con- 
verter 23 detects the phase shift of an A/D conversion 
clock to the A/D converter 23 and then the integrator 
27A' integrates the result. The phase component 
detecting unit 26B arranged to the A/D converter 24 
detects the phase shift of an A/D conversion clock to the 
A/D converter 24 and then the integrator 27B' integrates 



the result. The outputs of the integrators 27A' and 27B* 
are supplied as control inputs to the phase shifter 28A 
or oscillating unit 28B\ 

Trie oscillating unit 28B' adjusts its oscillation fre- 

5 quency based on the information regarding the phase 
shift of the A/D conversion clock to adjust automatically 
the phase shift of the A/D conversion clock. Then the 
resultant A/D conversion clock is supplied to the A/D 
converter 24. The phase shifter 28A adjusts the phase 

w of a piece of the phase shift information supplied to the 
oscillating unit 28B f and then supplies the result to the 
A/D converter 23. 

According to the clock regenerating circuit 35C\ the 
phase shift of an A/D conversion clock for the A/D con- 

15 verter 23 is detected by the phase component detecting 
unit 26A corresponding to the A/D converter 23 and 
then supplied as a control signal for the oscillating unit 
28B' to the oscillating unit 28B\ whereas the phase shift 
of an A/D conversion clock for the A/D converter 24 is 

20 detected by the phase component detecting unit 26B 
corresponding to the A/D converter 24 and then sup- 
plied as a control signal for the oscillating unit 28B' to 
the oscillating unit 28B f . Hence, the process accuracy of 
each of the identifying units 23 and 24 can be more 

25 improved, compared with the clock regenerating circuit 
35 described with Figs. 28 and 29. 

Fig. 34 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 35' shown in 
Fig. 28. Fig. 35 is a block diagram illustrating another 

30 configuration of the clock regenerating circuit 35* shown 
in Fig. 29. The clock regenerating circuit 35D\ shown in 
Figs. 34 and 35, includes a composing unit 51 formed of 
a multiplier 511, in addition to the orthogonal detecting 
unit 22, the identifying units (A/D converters) 23 and 24, 

35 the equalizer (transversal equalizer) 25, phase compo- 
nent detecting units (clock phase detecting units) 26A 
and 26B, the integrator (loop filter unit) 27'. and the 
oscillating unit 28' shown in Figs. 28 and 29. 

In this case, the phase component detecting unit 

40 26A is arranged corresponding to the A/D converter 23 
while the phase component detecting unit 26B is 
arranged corresponding to the A/D converter 24. The 
oscillating unit 28' and the integrator 27 are used in 
common to the identifying units 23 and 24. The compos- 

45 ing unit 51 is arranged to compose the output of the 
phase component detecting unit 26A with the output of 
the phase component detecting unit 26B. The output of 
the composing unit 51 is input to the integrator 27*. 
In the clock regenerating circuit 35D\ the phase 

so component detecting unit 26A corresponding to the A/D 
converter 23 detects the phase shift of an A/D conver- 
sion clock (signal identification clock) for the A/D con- 
verter 23 while the phase component detecting unit 26B 
corresponding to the A/D converter 24 detects the 

55 phase shift of an A/D conversion clock (signal identifica- 
tion clock) for the A/D converter 24. The multiplier 51 1 in 
the composing unit 51 multiplies the output of the phase 
component detecting unit 26A by the output of the 
phase component detecting unit 26B to supply as an 
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input to the integrator 27 and the oscillating unit 28' 
which are arranged in common to the A/D converters 23 
and 24. 

Hence the phase shift of the A/D conversion clock 
supplied from the oscillating unit 28' to the A/D convert- 
ers 23 and 24 can be adjusted automatically and with 
high accuracy so that the phase of the A/D conversion 
clock can be agreed more accurately to the phase in 
which the opening portion of the eye pattern of a signal 
is opened to its maximum at the optimum A/D conver- 
sion timing. The composing unit 51 may be formed in an 
analog circuit configuration including resistors 512 and 
513 as shown in Fig. 36. 

Fig. 37 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 35' shown in 
Fig. 28. Fig. 38 is a block diagram illustrating another 
configuration of the clock regenerating circuit 35' shown 
in Fig. 29. In Figs. 37 and 38, like numerals represent 
like elements shown in Figs. 28 and 29. 

The clock.regenerating circuit 35E' shown in Figs. 
37 and 38 includes another phase component detecting 
unit 52 and a composing unit 51 ' in addition to the phase 
component detecting unit 26 shown in Figs. 28 and 29. 

Another phase component detecting unit (second 
clock phase detecting unit) 52 detects the phase shift 
(phase component) of an A/D conversion clock to the 
identifying units (A/D converters) 23 and 24 in a method 
different from the phase component detecting unit 26. In 
this case, as shown in Fig. 38, the phase component 
detecting unit 52 includes an EX-OR gate 521 that sub- 
jects both an error signal of an Ich signal which has 
been equalized by the transversal equalizer 25 and the 
inclination of an Ich signal obtained by the inclination 
judging unit 30 to an exclusive OR operation. Numeral 
522 represents a time adjusting unit (t) that matches the 
input timing of two kinds of signals to be calculated by 
the EX-OR gate 521. 

The composing unit 51' composes the output of the 
phase component detecting unit 26 with the output of 
another phase component detecting unit 52 and then 
outputs the result to the integrator 27' as an input In this 
case, as shown in Fig. 38, the composing unit 5V is 
formed of the multiplier 511. As shown in Figs. 37 and 
38, the integrator 27' and the oscillating unit 28' are 
used in common to the A/D converters 23 and 24. 

In the clock regenerating circuit 35E', another 
phase component detecting unit 52 detects the phase 
shift of an A/D conversion clock to the A/D converters 23 
and 24 in a method different from the phase component 
detecting unit 26. Then the multiplier 51 1 in the compos- 
ing unit 51* multiplies (composes) information regarding 
the phase shift of an A/D conversion clock by informa- 
tion regarding the phase shift of an A/D conversion 
clock detected by the phase component detecting unit 
26 as described in the first embodiment and then sup- 
plies as an input the result to the integrator 27'. 

In such a manner, the phase shift information 
(phase component information) of an A/D conversion 
clock can be output with higher accuracy to the oscillat- 



ing unit 28' supplying A/D conversion clocks to the A/D 
converters 23 and 24 via the integrator 27'. Hence the 
phase shift of an A/D conversion clock can be adjusted 
automatically and accurately so that the A/D converters 
5 23 and 24 can greatly improve the accuracy of the A/D 
conversion process. 

Fig. 39 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 35' shown in 
Fig. 28. Fig. 40 is a block diagram illustrating another 
10 configuration of the clock regenerating circuit 35' shown 
in Fig. 29. In Figs. 39 and 40, like numerals represent 
like elements shown in Figs. 28 and 29. 

The clock regenerating circuit 35P shown in Figs. 
39 and 40 includes another phase component detecting 
75 unit 52, a selecting unit 53, and a signal quality judging 
unit 54, in addition to the orthogonal detecting unit 22. 
the identifying units (A/D converters) 23 and 24, the 
equalizer (transversal equalizer) 25, the phase compo- 
nent detecting unit 26, the integrator 27' and the oscillat- 
20 ing unit 28', previously described with Figs. 28 and 29. 

Another phase component detecting unit (second 
clock phase detecting unit) 52 corresponding to that 
shown in Figs. 37 and 38 detects the phase shift of an 
A/D conversion clock in a method different from the 
25 phase component detecting unit 26. The phase compo- 
nent detecting unit 52. as shown in Fig. 40. includes an 
EX-OR gate 521 that subjects the error signal of an Ich 
signal equalized by the transversal equalizer 25 and the 
inclination of an Ich signal obtained by the inclination 
30 judging unit 30 to an exclusive OR operation. 

The selecting unit 53 outputs selectively as an input 
the output from the phase component detecting unit 26 
and the output from another phase component detect- 
ing unit 52 to the integrator 27\ according to the control 
35 signal from the signal quality judging unit 54 (to be 
described later). In this case, the selecting unit 53 is 
formed as a selector (SEL) as shown in Fig. 40. 

The signal quality judging unit 54 supplies a signal 
which controls selectively the output signal of the select- 
40 ing unit 53. In this case, the signal quality judging unit 
54, as shown in Fig. 40, is formed as a frame synchro- 
nizing circuit that judges a signal quality through an 
error correction to output a frame synchronization signal 
as a control signal. 
45 In the clock regenerating circuit 35F, another 
phase component detecting unit 52 detects the phase 
shift of an A/D conversion clock to the A/D converters 23 
and 24 in a method different from the phase component 
detecting unit 26. The SEL 53 supplies selectively, as an 
so input, information regarding the phase shift of an A/D 
conversion clock obtained by another phase component 
detecting unit 52 and information regarding the phase 
shift of an A/D conversion clock detected by the phase 
component detecting unit 26 described in the first 
55 embodiment to the integrator 27* according to the con- 
trol signal from the frame synchronizing circuit 54. 

In this case, information regarding the phase shift of 
an A/D conversion clock (phase component informa- 
tion) is output with higher accuracy to the oscillating unit 
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28' supplying A/D conversion clocks to the A/D convert- 
ers 23 and 24 via the integrator 27\ Thus the phase shift 
of an A/D conversion clock is adjusted automatically 
and accurately so that the A/D converters 23 and 24 can 
greatly improve the accuracy in the A/D conversion 5 
process. 

Fig. 41 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 35G' shown in 
Fig. 28. Fig. 42 is a block diagram illustrating another 
configuration of the clock regenerating circuit 35G' 
shown in Fig. 29. The clock regenerating circuit 35G' 
shown in Figs. 41 and 42 includes a selecting unit 46 
and a random pulse generating unit 47, in addition to 
the phase component detecting unit 26, the oscillating 
unit 28' and the amplifier 296, and the integrator 27 
shown in Figs. 28 and 29. 

The selecting unit 46 corresponds to that in the first 
embodiment shown in Figs. 26 and 27. The random 
pulse generating unit (test signal generating unit) 47 
corresponds to that in the first embodiment shown in 
Figs. 26 and 27. In this case, the selecting unit 46 
formed as a selector (SEL) outputs selectively the out- 
put of the phase component detecting unit 26 and the 
output of the random pulse generating unit 47 in 
response to the test (adjustment) / normal switching sig- 
nal to the integrator 27\ The random pulse generating 
unit 47 is formed of four flip-flop (FF) circuits 471 to 474 
and an EX-OR gate 475. The random pulse generating 
unit 47 creates a chain of pulses at the middle value of 
the phase shift of an A/D conversion clock detected by 
the phase component detecting unit 26. 

In brief, the clock regenerating circuit 35G' is 
formed as a digital circuit form, instead of the analog 
clock regenerating circuit shown in Figs. 26 and 27. 

The clock regenerating circuit 35G' can supply 
selectively as an input the test signal of the random 
pulse generating unit 47 and the output of the phase 
component detecting unit 26 to the integrator (loop filter 
unit) 27', according to a test (adjustment) / normal 
switching signal. 

Hence, the phase shift of an A/D conversion clock 
to the A/D converters 23 and 24 can be tested and 
adjusted very easily. 

(d) Third Embodiment of the Present Invention: 

Fig. 43 is a block diagram illustrating the configura- 
tion of each of the clock phase detecting circuit and the 
clock regenerating circuit arranged in multiplex radio 
equipment shown in the third embodiment according to 
the present invention. Referring to Fig. 43, numeral 22 
represents an orthogonal detecting unit; 23 and 24 rep- 
resent identifying units; 27 represents an integrator; 28 
represents a phase shifter; 29 represents a clock regen- 
erating unit; and 61 represents a phase component 
detecting unit. In this embodiment, the clock regenerat- 
ing circuit 68 is basically formed of the phase compo- 
nent detecting unit 61, the integrator 27, the phase 
shifter 28, and the clock regenerating unit 29. 



The orthogonal detecting unit 22, the identitying 
units 23 and 24, the integrator 27, the phase shifter 28, 
and the clock regenerating unit 29 correspond respec- 
tively to those with the same numerals shown in the first 
embodiment. The orthogonal detecting unit 22 detects 
an IF band signal and outputs two kinds of signals 
including an Ich signal and a Qch signal different in 
phase by 90° (perpendicular to) from each other. In this 
embodiment, each of the identifying units 23 and 24 
formed as an A/D converter (to be described later) A/D- 
converts (identifies) the output of the orthogonal detect- 
ing unit 22 (or a signal obtained by demodulating a mul- 
tilevel orthogonal modulation signal) at a predetermined 
level. 

In this embodiment, as shown in Fig. 44, the 
orthogonal detecting unit 22 includes hybrid circuits (H) 
221 and 222, phase detectors 223 and 224, roll-off fil- 
ters 225 and 226, and a local oscillating unit 227. The 
identifying units 23 and 24 are respectively arranged as 
two A/D converters corresponding to two kinds of (plu- 
ral) signals (an Ich signal and a Qch signal) obtained by 
demodulating a multilevel orthogonal modulation signal. 

The integrator (averaging unit) 27 which is arranged 
between the phase component detecting unit 61 and 
the phase shifter 28 (to be described later) averages the 
output of the phase component detecting unit 61 . In this 
case, as shown in Fig. 44. the integrator 27 is formed of 
a resistor (R) 271 and a capacitor (C) 272. 

The phase shifter (phase adjusting unit) 28 adjusts 
the phase of the A/D conversion clock (signal identifica- 
tion clock) to the identifying units (A/D converters) 23 
and 24 regenerated by the clock regenerating unit 29 to 
supply to the identifying units 23 and 24. The clock 
regenerating unit 29 regenerates an A/D conversion 
clock for the identifying units 23 and 24 from an IF signal 
(multilevel orthogonal modulated signal) to be detected 
by the orthogonal detecting unit 22 and then supplies it 
to the identifying units 23 and 24. In this case, as shown 
in the first embodiment, the clock regenerating unit 29 is 
formed of a PLL circuit 293 including a square detecting 
unit 291 , a filter 292, a phase detector (PD) 294, a loop 
filter 295, an amplifier 296, and an oscillating unit 297. 

The phase component detecting unit (clock phase 
detecting circuit (unit)) 61 detects the phase shift (phase 
component) of an A/D conversion clock based on infor- 
mation regarding the phase difference of an A/D conver- 
sion clock supplied to the identifying units 23 and 24 
and information regarding the signal error differential 
obtained by the identifying unit 23 and then supplies the 
result to the integrator 27 being a constituent element of 
the clock regenerating circuit 68. The phase component 
detecting unit 61 is formed of a phase differential detect- 
ing unit 62, an error differential detecting unit 63, a clock 
phase calculating unit 64, and flip-flop (FF) circuits 65 
and 66. 

The phase differential detecting unit 62 detects 
information regarding the phase difference of an A/D 
conversion clock supplied to the identifying units 23 and 
24. The error differential detecting unit 63 detects infor- 
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mation regarding the signal error differential of an Ich 
signal obtained by the identifying unit 23. In this embod- 
iment, as shown in Fig. 44, each of the phase differen- 
tial detecting unit 62 and the error differential detecting 
unit 63 is formed as a subtracter. The FF circuits 65. 65'. 5 
and 66, 66* are used to delay input signals by a prede- 
termined delay amount. 

The clock phase calculating unit 64 calculates the 
output of the phase differential detecting unit 62 and the 
output of the error differential detecting unit 63 to detect 10 
the phase shift of an A/D conversion clock. In concrete, 
the clock phase calculating unit 64 is formed as a 
divider (dividing unit) 641 that subjects the output of the 
phase differential detecting unit 62 and the output of the 
error differential detecting unit 63 to a dividing process, is 

The D/A converter 33 converts information regard- 
ing the phase shift of an A/D conversion clock detected 
by the phase component detecting unit 61 from a digital 
signal to an analog signal. The converting circuit 67 
converts the phase difference information of an A/D 20 
conversion clock supplied to the identifying units 23 and 
24 into a predetermined signal. In this case, the convert- 
ing circuit 67, as shown in Fig. 44, is formed of a counter 
671 operating with high speed clocks (CLK). In this 
embodiment, the phase component detecting unit 61, 25 
the integrator 27, the phase shifter 28. and the clock 
regenerating unit 29 are used in common to the identify- 
ing units 23 and 24. 

Next, the operation of the above-mentioned clock 
regenerating circuit 68 being the main portion of the 30 
present invention will be explained below in detail with 
reference to Fig. 44. 

In the phase component detecting unit 61, the FF 
circuit 65' receives a predetermined signal obtained by 
converting the phase error of an A/D conversion clock to 35 
be supplied to the A/D converters 23 and 24 by the con- 
verting circuit 67. The FF circuit 66' receives the signal 
error (signal error information) of an Ich signal A/D-con- 
verted by A/D converter 23. 

The FF circuits 65. 65' and 66, 66' delay the above 40 
signals by a predetermined amount and then input the 
results to the subtracters 62 and 63. At this time, the 
subtracter 62 receives the current phase information 
4>(t2) (e.g. at the time t2) and the past phase information 
4>(t1) (e.g. at the time t1) delayed by the FF circuit 65. 45 
The subtracter 63 receives the error signal e(t2) of a 
current Ich signal (e.g. at the time t2) and the error sig- 
nal e(t1) of a past Ich signal (e.g. at the time t1) delayed 
by the FF circuit 66. 

Each of the subtracters 62 and 63 performs a sub- so 
tracting process of an input signal. The subtracter 62 
produces the phase difference information [<|>(t2) - <(>(t1)] 
of an A/D conversion clock and the subtracter 63 pro- 
duces the signal error differential information [(e(t2) - 
e(t1)] of the Ich signal. The divider (clock phase calcu- ss 
lating unit 64) 641 subjects the phase difference infor- 
mation fo(t2) - *(t1)] and the signal error differential 
information [(e(t2) - e(t1)] to a division process. 



As a result, the phase component detecting unit 61 
produces information At regarding the phase shift of an 
A/D conversion clock expressed by the following for- 
mula: 

At = [e(t2)-e(t1)]/[((|)t2)-((|>t1)] 

In other words, where the phase of an A/D conver- 
sion clock shifts from the position of a signal point on the 
eye pattern in the above-mentioned process, bits lower 
than the signal bit (D1 , D2) of a base band signal which 
is obtained by demodulating a multilevel orthogonal 
modulated signal called 16QAM error bits (D3 t D4. ...) 
shown in Fig. 45 increase as shown in Rg. 46. Hence 
the direction (phase shift At) in which the phase of an 
A/D conversion clock is adjusted is obtained by differen- 
tiating the curve between [phase error <|)(t1), signal error 
e(t1)] at the time t1 and [phase error <|>(t2), signal error 
e(t2)] at the time t2 on the clock phase to signal error 
curve shown in Fig. 46. 

Thereafter the information (£t)>egarding the phase 
shift of an A/D conversion clock detected above is aver- 
aged by the integrator 27. Then the averaged informa- 
tion is supplied as a phase adjustment and control 
signal to the phase shifter 28 to adjust the phase shift of 
an A/D conversion clock regenerated by the clock 
regenerating unit 29. 

Hence since the phase shifter 28 can adjust auto- 
matically and with higher accuracy the phase shift of an 
A/D conversion clock to the A/D converters 23 and 24, 
the accuracy of an A/D conversion process by the A/D 
converters 23 and 24 can be greatly improved. 

The equalizer (transversal equalizer) 25 described 
in the first and second embodiments is arranged on the 
rear stage of each of the A/D converters 23 and 24, as 
shown in Fig. 44. 

In the clock regenerating circuit 68 in this embodi- 
ment, if the phase differential information of the phase 
differential detecting unit 62 and the signal error infor- 
mation of the error differential detecting unit 63 are 
expressed only by polarities as described in the first 
embodiment, the clock phase calculating unit 64, as 
shown in Figs. 47 and 48, can be formed as the EX-OR 
gate (exclusive OR element) 642 instead of the divider 
641 . Hence the phase shift (phase component) of an 
A/D conversion clock can be detected by a more-simpli- 
fied configuration. In Figs. 47 and 48, the same numer- 
als as those in Figs 43 and 44 represent the same 
elements. 

Rg. 49 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 68 shown in 
Figs 43 and 44. In the clock regenerating circuit 68A 
shown in Fig. 49. the clock regenerating unit 29 is 
arranged in common to the identifying units 23 and 24. 
Like the phase shifter 28. the integrator 27. and the 
phase component detecting unit 61 shown in Figs 43 
and 44, the phase shrfter 28A, the integrator 27A, and 
the phase component detecting unit 61 A are arranged 
to the A/D converter 23 while the phase shifter 28B, the 
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integrator 27B, and the phase component detecting unit 
61 B are arranged to the A/D converter 24. 

in the clock regenerating circuit 68A shown in Fig. 
49, as described with Figs. 43 and 44, the phase com- 
ponent detecting unit 61 A arranged to the identifying 
unit 23 detects the phase shift (phase component) of a 
signal identification clock (A/D conversion clock) to the 
identifying unit 23 based on phase difference informa- 
tion of a signal identification clock (A/D conversion 
clock) supplied to the identifying unit 23 and signal error 
differential information output from the identifying unit 
23. The phase component detecting unit 61 B arranged 
to the identifying unit 24 detects the phase shift (phase 
component) of a signal identification clock (A/D conver- 
sion clock) to the identifying unit 24 based on phase dif- 
ference information of a signal identification clock (A/D 
conversion clock) supplied to the identifying unit 24 and 
signal error differential information output from the iden- 
tifying unit 24. 

The integrator 27A receives and averages informa- 
tion regarding the clock phase shift detected by the 
phase component detecting unit 61 A. The integrator 
27B receives and averages information regarding the 
clock phase shift detected by the phase component 
detecting unit 61 B. Then each of the phase shifters 28A 
and 28B receives the averaged result as a phase 
adjustment and control signal to adjust the phase shift 
of a signal identification clock which is regenerated from 
the IF signal to be detected by the orthogonal detecting 
unit 22 by the clock regenerating unit 29 used in com- 
mon to the identifying units 23 and 24. 

Thus, the phase shifter 28A can adjust the clock 
phase shift to the identifying unit 23 and the phase 
shifter 28B can adjust the clock phase shift to the iden- 
tifying unit 24. Hence the accuracy of the signal identify- 
ing process in the identifying units 23 and 24 can be 
greatly improved. 

Like the first embodiment described with Figs 26 
and 27, the clock regenerating circuit 68 (or 68A). as 
shown in Fig. 50, can include a PN pattern generating 
circuit (random pulse generating unit: a test signal gen- 
erating unit) 47 and a selector (SEL: selecting unit) 46 to 
input the output of the SEL 46 to the phase shifter 28 via 
the integrator 27. 

In this case, the PN pattern generating circuit 47 is 
formed of four flip-flop (FF) circuits 471 to 474 and an 
EX-OR gate 475. The PN pattern generating circuit 47 
generates a test random pulse to set the phase shift of 
an A/D conversion clock by the phase component 
detecting unit 61 (or 61 A, 61 B) to the center value of a 
detection result. The SEL 46 outputs selectively the out- 
put of the phase component detecting unit 61 (or 61 A, 
61 B) and the output of the PN pattern generating circuit 
47 in response to a test/normal switching signal. In Fig. 
49. the same numerals as those shown in Fig. 44 repre- 
sent the same elements. 

When the clock regenerating circuit 68 with the 
above-mentioned structure as shown in Fig. 50 is 
adjusted and tested, the adjustment signal is input to 



the SEL 46. Instead of the phase shift (phase compo- 
nent) of an A/D conversion clock to the A/D converters 

23 and 24 to be detected by the phase component 
detecting unit 61 as described with Figs. 43 to 46, the 

5 SEL 46 outputs selectively the random pulse (test sig- 
nal) generated from the PN pattern generating circuit 
47. Then the integrator 27 averages the selected output 
to supply the result as a phase adjustment and control 
signal for the phase shifter 28 to the phase shifter 28. 

10 Hence the phase shifter 28 can adjust and test very 
easily the phase shift of an A/D conversion clock sent to 
the A/D converters 23 and 24. 

(e) Fourth Embodiment of the Present Invention: 

15 

Fig. 51 is a block diagram illustrating the configura- 
tion of each of the clock phase detecting unit and the 
dock regenerating circuit arranged in multiplex radio 
equipment according to the fourth embodiment of the 

20 present invention. Referring to Fig. 51 , numeral 22 rep- 
resents an orthogonal detecting unit; 23 and 24 repre- 
sent identifying units; and 61 represents a phase 
component detecting unit. These elements correspond 
to those shown in the third embodiment. Numeral 27' 

25 represents an integrator and 28 f represents an oscillat- 
ing unit. In this embodiment, the phase component 
detecting unit 61. the integrator 27' and the oscillating 
unit 28' provide the clock regenerating circuit 68'. 

The orthogonal detecting unit 22, the identifying 

30 units 23 and 24, the integrator 27* and the oscillating 
unit 28' correspond to elements with the same numerals 
described in the second embodiment, respectively. The 
orthogonal detecting unit 22 outputs two kinds of sig- 
nals including an Ich signal and a Qch signal which are 

35 different in phase (pependicular to each other) by 90° 
from each other by detecting an IF band signal. As 
shown in Fig. 52, the orthogonal detecting unit 22 is 
formed of hybrid circuits (H) 221 and 222, phase detec- 
tors 223 and 224, roll-off filters 225 and 226, and a local 

40 oscillating unit 227. Each of the identifying units 23 and 

24 is formed as an A/D converter that A/D -converts 
(identifies) the output of the orthogonal detecting unit 22 
(a signal demodulated by the multilevel orthogonal 
modulation signal) at a predetermined level. 

45 The integrator (loop filter unit) ZT which integrates 
the output of the phase component detecting unit 61 (to 
be described later) is formed of a resistor (R) 271 and a 
capacitor (C) 272, as shown in Rg. 52. The resistor 271 
and the capacitor 272 integrate the phase shift (phase 

so component) information of an A/D conversion clock 
detected by the phase component detecting unit 61. 

The oscillating unit (oscillating unit) 28' receives the 
output of the integrator 27' as a control input which 
adjusts the phase shift of an A/D conversion clock and 

55 then outputs a signal identification clock (A/D conver- 
sion clock) to the identifying units (A/D converters) 23 
and 24. 

The phase component detecting unit (clock phase 
detecting circuit (unit)) 61 detects the phase shift (phase 
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component) of an A/D conversion dock in response to 
the phase difference information of an A/D conversion 
clock supplied to the A/D converters 23 and 24 and sig- 
nal error differential information obtained by the A/D 
converter 23 and then supplies it to the integrator 27 
being a constituent element of the clock regenerating 
circuit 68*. The phase component detecting unit 61 is 
formed of a phase differential detecting unit 62, an error 
differential detecting unit 63, a clock phase calculating 
unit 64, flip-flop (FF) circuits 65 and 66. 

The phase differential detecting unit 62 detects the 
phase difference information of an A/D conversion clock 
supplied to the A/D converters 23 and 24. The error dif- 
ferential detecting unit 63 detects the signal error differ- 
ential information of an Ich signal obtained by the 
identifying unit 23. Each of the phase differential detect- 
ing unit 62 and the error differential detecting unit 63 is 
formed as a subtracter in this embodiment, as shown in 
Fig. 52. Each of the FF circuits 65 and 65' delay its input 
signal by a predetermined amount and each of the FF 
circuits 66 and 66' delay its input signal by a predeter- 
mined shift. 

The clock phase calculating unit 64 calculates the 
output of the phase differential detecting unit 62 and the 
output of the error differential detecting unit 63 to detect 
the phase shift of an A/D conversion clock. In concrete, 
the clock phase calculating unit 64. which is formed of a 
divider (dividing unit) 641, subjects the output of the 
phase differential detecting unit 62 and the output of the 
error differential detecting unit 63 to a division process. 

Referring to Fig. 52, numeral 67 represents a con- 
verting circuit that converts phase difference informa- 
tion of an A/D conversion clock supplied to the A/D 
converters 23 and 24 into a predetermined signal. The 
converting circuit 67 includes a counter 671 operating 
with high speed clocks (CLK). The amplifier 296 ampli- 
fies information regarding the phase shift of an A/D con- 
version clock detected by the phase component 
detecting unit 61 to a predetermined signal level. In this 
embodiment, the phase component detecting unit 61, 
the integrator 27, the phase shifter 28, and the clock 
regenerating unit 29 are used in common to the identify- 
ing units (A/D converters) 23 and 24. 

In the clock regenerating circuit 68' with the above- 
mentioned configuration, the converting circuit 67 con- 
verts the phase error of an A/D conversion clock to be 
supplied to the A/D converters 23 and 24 into a prede- 
termined signal and then inputs the converted signal to 
the FF circuit 65' in the phase component detecting unit 

61 . At the same time, the FF circuit 66* receives the sig- 
nal error (signal error information) of an Ich signal A/D 
converted by the A/D converter 23. 

The FF circuits 65 and 65' delays the converted sig- 
nal by a predetermined shift to input to the subtracter 

62. The FF circuits 66 and 66' delays the signal error by 
a predetermined amount to input to the subtracter 63. 
Each of the subtracters 62 and 63 subjects its input to a 
subtraction process. The subtracter 62 obtains the 
phase difference information of an A/D conversion clock 



while the subtracter 63 obtains the signal error differen- 
tial information of an Ich signal. 

The divider 641 (clock phase calculating unit 64) 
641 subjects the phase difference information and sig- 

5 nal error differential information to an division process. 
As a result, the phase shift information of an A/D con- 
version clock can be obtained. 

Thereafter, the phase shift information of the 
above-detected A/D conversion clock is not converted 

10 from the digital signal form to an analog signal form as 
described in the third embodiment, but integrated by the 
integrator 27' as it is in a digital signal form. The result is 
amplified by the amplifier 296 to a predetermined signal 
level. Then the oscillating unit 28' receives the amplified 

is signal as a control signal to adjust the phase shift of an 
A/D conversion clock. 

In other words, like the third embodiment, the clock 
regenerating circuit 68' does not convert the phase shift 
information of an A/D conversion clock to the A/D con- 

20 verters 23 and 24 to b»e detected by the phase compo- 
nent detecting unit 61 from a digital signal to an analog 
signal to adjust the phase shift of an A/D conversion 
dock using the analog signal. Instead, the clock regen- 
erating circuit 68' outputs the phase shift information of 

25 an A/D conversion clock in a digital signal form as a con- 
trol input to the oscillating unit 28' and then adjusts the 
a/D conversion clock using the digital signal. 

Consequently, even if the dock regenerating unit 29 
and the phase shifter 28 are not arranged like the third 

30 embodiment, the very-simplified configuration can 
adjust automatically the phase shift of an A/D conver- 
sion clock to the A/D converters 23 and 24. Thus the 
A/D converters 23 and 24 can greatly improve the accu- 
racy of an A/D conversion process. 

35 in the dock phase calculating unit 64 in the phase 
component detecting unit 61 in this embodiment, if the 
phase differential information from the phase differential 
detecting unit 62 and the signal error information from 
the error differential detecting unit 63 are simply 

40 expressed with polarities, an EX-OR gate (exclusive OR 
element) 642, as shown in Fig. 53, can be arranged 
instead of the divider 641. The more-simplified configu- 
ration can detect the phase shift (phase component) of 
an A/D conversion clock. Other constituent elements 

45 correspond to those described with Fig. 52. 

The clock regenerating drcuit 68'. shown in Figs 52 
and 53, can be constituted more simply by using the 
converting circuit 67 formed as the A/D converter 672 
as shown in Fig. 54, instead of the converting circuit 67. 

so Next, Fig. 55 is a block diagram showing another 
configuration of the dock regenerating circuit 68* shown 
in Rgs. 51 to 54. The clock regenerating circuit 68A* 
shown in Fig. 55 includes a composing unit 51 A formed 
of a multiplier 511, in addition to the orthogonal detect- 

55 ing unit 22, the identifying units 23 and 24, the phase 
component detecting units (clock phase detecting units) 
61 A and 61 B, the integrator (loop filter unit) 27, and the 
oscillating unit 28' corresponding to those shown in 
Figs. 51 to 54. 
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In this case, the phase component detecting unit 
61A is arranged corresponding to the A/D converter 23 
and the phase component detecting unit 61 B is 
arranged corresponding to the A/D converter 24. The 
oscillating unit 28* and the integrator 27' are used in 
common to the identifying units 23 and 24. The compos- 
ing unit 51 A is arranged to compose the output of the 
phase component detecting unit 61 A with the output of 
the phase component detecting unit 61 B. The output of 
the composing unit 51 A is input to the integrator 27*. 

In the clock regenerating circuits 68A, the phase 
component detecting unit 61 corresponding to the A/D 
converter 23 detects the phase shift information of a sig- 
nal identification clock for the A/D converter 23 and the 
phase component detecting unit 61 corresponding to 
the A/D converter 24 detects the phase shift information 
of a signal identification clock for the A/D converter 24. 
The multiplier 51 1 in the composing unit 51 A multiplies 
the output from the phase component detecting unit 
61 A by the output of the phase component detecting 
unit 61 B and then supplies the result as an input to the 
integrator 27* and the oscillating unit 28' used in com- 
mon to the identifying units 61 A and 61 B. 

Hence the phase shift of a signal identification clock 
supplied from the oscillating unit 28* to the identifying 
units 23 and 24 can be adjusted independently and with 
higher accuracy to the identifying units 23 and 24. The 
composing unit 51 A can be constituted in an analog cir- 
cuit form or a digital circuit form. The detail configuration 
of each element is similar to that described with Figs. 52 
to 54. Hence the duplicate explanation will be omitted 
here. 

Fig. 56 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 68' shown in 
Figs. 51 to 54. In the clock regenerating circuits 68'B 
shown in Fig. 56, the phase component detecting unit 
(clock phase detecting unit) 61 A and the integrator (loop 
filter unit) 27A* are arranged to the identifying unit 23, 
whereas the phase component detecting unit, the clock 
phase detecting unit 61 B and the integrator (loop filter 
unit) 27B' are arranged to the identifying unit 24. The 
oscillating unit (oscillating unit) 28B' is used in common 
to the identifying units (A/D converters) 23 and 24. The 
identifying unit 23 is connected to the oscillating unit 
28B* via the phase shifter 28 similar to that described in 
the third embodiment. The output of the integrator 27A' 
is supplied as a control input to the phase shifter 28 or 
the oscillating unit 28B\ whereas the output of the inte- 
grator 27B' is supplied as a control input to the phase 
shifter 28 or the oscillating unit 28B\ Numeral 296 rep- 
resents an amplifier which amplifies the phase shift 
information of a signal identification clock for the identi- 
fying units 23 and 24 detected by the phase component 
detecting unit 61 B to a predetermined signal level. 

In the clock regenerating circuit 68B\ like the third 
embodiment, the phase component detecting unit 61 A 
detects information regarding the phase shift of a signal 
identification clock to the identifying unit 23 and the inte- 
grator 27A' integrates the detected information. On the 



other hand, the phase component detecting unit 61 B 
detects information regarding the phase shift of a signal 
identification clock to the identifying unit 24 and the inte- 
grator 27B' integrates the detected information. Then 

5 the result is supplied as a control input to the phase 
shifter 28 or the oscillating unit 28B\ 

The oscillating unit 28B' adjusts automatically its 
oscillation frequency and the clock phase shift, based 
on information regarding the phase shift of a signal 

10 identif ication clock and supplies the result to the identi- 
fying unit 24. The phase shifter 28 adjusts the phase of 
a piece of the phase shift information supplied to the 
oscillating unit 28B* and then supplies the result to the 
identifying unit 23. 

75 As described above, according to the clock regen- 
erating circuit 68A\ the phase component detecting unit 
61 A arranged corresponding to the identifying unit 23 
detects the phase shift of a signal identification clock to 
the identifying unit 23 to supply the result as a control 

20 signal for the oscillator 28B' or the phase shifter 28 to 
the oscillating unit 28B' via the integrator 27 A* while the 
phase component detecting unit 61 B arranged corre- 
sponding to the identifying unit 24 detects the phase 
shift of a signal identification clock to the identifying unit 

25 24 to supiply the result as a control signal for oscillator 
28B' or the phase shifter 28 to the oscillating unit 28B' 
via the integrator 27B'. Hence the accuracy of the signal 
identifying process in the identifying units 23 and 24 can 
be further improved. 

30 Fig. 57 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 68' shown in 
Figs. 51 to 54. The clock regenerating circuit 68C 
shown in Fig. 57 additionally includes another phase 
component detecting unit 52'. The integrator (loop filter 

35 unit) 27 and the oscillating unit (oscillating unit) 28\ 
similar to those shown in Figs. 51 to 54, are used in 
common to the identifying units 23 and 24. A composing 
unit 51 B is arranged in the clock regenerating circuit 
68'C. 

40 Another phase component detecting unit (second 
clock phase detecting unit) 52' is identical to another 
phase component detecting unit 52 shown in Figs. 37 
and 38 in the second embodiment. In this embodiment, 
information regarding the phase shift of a signal identifi- 
es cation clock can be detected in a method different from 
that by the phase component detecting unit 61. The 
composing unit 51 B composes the output of another 
phase component detecting unit 52' with the output of 
the phase component detecting unit 52. 
so In such a manner, in the clock regenerating circuit 
68C\ another phase component detecting unit 52 
detects information regarding the phase shift of a signal 
identification dock to the identifying units 23 and 24 in a 
method different from the phase component detecting 
55 unit 61. Then the multiplier 511 in the composing unit 
51 B multiplies (composes) the information regarding 
the signal identification clock by the information regard- 
ing the phase shift of a signal identification clock, based 
on the phase difference information and the signal error 
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differential information detected by the phase compo- 
nent detecting unit 26 described in the third embodi- 
ment, and then supply the result to the integrator 27. 

The information regarding the phase shift of an A/D 
conversion clock (phase component information) can be 
output with higher accuracy to the oscillating unit 28' 
which supplies signal identification clocks to the identi- 
fying units 23 and 24 via the integrator 27'. Hence the 
phase shift of a signal identification clock sent to the 
identifying units 23 and 24 can be adjusted automati- 
cally and with high accuracy so that the identifying units 
23 and 24 can greatly improve the accuracy in the signal 
identifying (A/D conversion) process. 

Fig. 58 is a block diagram illustrating another con- 
figuration of the dock regenerating circuit 68* described 
with Figs. 51 to 54. The clock regenerating circuit 68D' 
shown in Fig. 58 includes another phase component 
detecting unit (second clock phase detecting unit) 52' 
described with Fig. 57. The integrator (loop filter unit) 
27' and the oscillating unit (oscillating unit) 28' similar to 
"those shown in Figs. 51 to 54 are used in common to 
the identifying units 23 and 24. The clock regenerating 
circuit 68D' also includes a selecting unit 53'. The signal 
quality judging unit 54' supplies a control signal to select 
the output from the selecting unit 53'. In concrete, the 
signal quality judging unit 54* is formed as a frame syn- 
chronizing circuit that judges the signal quality through 
an error correction process as described with Fig. 40 
and then outputs the frame synchronization signal as a 
control signal. 

The selecting unit 53* selectively outputs the output 
of the phase component detecting unit 61 and the out- 
put of another phase component detecting unit 52' to 
the integrator 27' according to the control signal (e.g. a 
frame synchronization signal) from the signal quality 
judging unit 54\ 

In the clock regenerating circuit 68D* with the 
above-mentioned configuration, another phase compo- 
nent detecting unit 52' detects the phase shift of an A/D 
conversion clock to the A/D converters 23 and 24 in a 
method different from that of the phase component 
detecting unit 61. The selecting unit 53' selectively 
inputs the information regarding the phase shift of an 
A/D conversion clock detected by another phase com- 
ponent detecting unit 52' and the information regarding 
the phase shift of an A/D conversion clock detected by 
the phase component detecting unit 61 described in the 
first embodiment to the integrator 27' according to the 
control signal from the signal quality judging unit 54'. 

In this case, since the information regarding the 
phase shift of an A/D conversion clock (phase compo- 
nent information) can be supplied with higher accuracy 
to the oscillating unit 28* which supplies signal identifi- 
cation clocks to the identifying units 23 and 24 via the 
integrator 27\ the accuracy of the signal identification 
process in the identifying units 23 and 24 can be greatly 
improved by adjusting automatically and accurately the 
phase shift of a signal identification clock. 



Fig. 59 is a block diagram illustrating another con- 
figuration of the clock regenerating circuit 68* shown in 
Figs 51 to 54. The clock regenerating circuit 68E* shown 
in Fig. 59 includes the selector (SEL: selecting unit) 46' 

5 and the PN pattern generating circuit 47', in addition to 
the phase component detecting unit 61, the oscillating 
unit 28\ the amplifier 296, and the integrator 27* similar 
to those shown in Fig. 53. The selector 46' corresponds 
to the selector (SEL) 46 shown in Fig. 49 in the third 

to embodiment and the PN pattern generating circuit 47' 
corresponds to the PN pattern generating circuit 47 
shown in Fig. 49 in the third embodiment. 

In brief, the clock regenerating circuit 68E' is 
obtained by converting the clock regenerating circuit 68 

15 in an analog circuit form described with Fig. 53 into a 
digital circuit form. In Fig. 59, the numerals as those 
shown in Fig. 50 represent like elements. 

Thus the clock regenerating circuit 68E' supplies 
selectively the test signal from the PN pattern generat- 

20 ing circuit 47* and the output from the phase component 
detecting unit 61 to the integrator (loop filter unit) 27*. 
according to a test (adjustment) / normal switching sig- 
nal. 

Therefore, the phase shift of an A/D conversion 
25 clock (signal identification dock) to the A/D converters 
(identifying units) 23 and 24 can be tested and adjusted 
very easily. 

Claims 

30 

1. A dock phase detecting circuit (1A) arranged in a 
receiving unit of multiplex radio equipment, com- 
prising: 

35 an identifying circuit (1 1) for identifying a signal 

at a predetermined identification level, said sig- 
nal being obtained by demodulating a multi- 
level orthogonal modulated signal; 
a clock regenerating circuit (12) for regenerat- 

40 ing a signal identification clock for said identify- 

ing circuit to supply said dock to said 
identifying circuit (11); 

an equalizing circuit (13) for subjecting said 
signal obtained by demodulating a multilevel 
45 orthogonal modulated signal to an equalizing 

process; and 

a clock phase detecting unit (14A) for detecting 
a phase component of said signal identification 
clock based on input/output signals of said 
so equalizing drcuit (13) and then for supplying 

said phase component to said clock regenerat- 
ing circuit (12). 

2. The clock phase detecting drcuit (1 A) arranged in a 
55 receiving unit of multiplex radio equipment, accord- 

. ing to claim 1, wherein said clock phase detecting 
unit(14A) comprising: 
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an error detecting unit for detecting a signal 
error between input/output signals of said ' 
equalizing circuit (13); 

a signal inclination detecting unit for detecting 
the inclination of said demodulated signal; and 5 
a clock phase calculating unit for detecting the 
phase component of said signal identification 
clock based on respective outputs from said 
error detecting unit and said signal inclination 
detecting unit. 10 

The clock phase detecting circuit (1 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 1 , wherein said clock phase calculatin- 
gunit (14A) comprises: 75 

an error detecting unit for detecting an input 
signal to output signal error of said equalizing 
circuit (13); 

a signal inclination detecting unit for detecting 20 
the inclination of said demodulated signal; 
a clock phase calculating unit for detecting the 
phase component of said signal identification 
clock by calculating based on the respective 
outputs from said error detecting unit and the 25 
said signal inclination detecting unit; 
a specific signal judging unit for judging 
whether a specific signal exists; and 
a gating unit for producing the phase compo- 
nent of said signal identification clock obtained 30 
by said clock phase calculatingunrt when said 
specific signal judging unit judges that a spe- 
cific signal exists. 

The clock phase detecting circuit (1 A) arranged in a 35 
receiving unit of multiplex radio equipment, accord- 
ing to claim 2 or 3, wherein said signal inclination 
detecting unit comprising: 

a delaying unit for delaying the output from said 40 
identifying circuit (11); and 
a comparing unit for comparing the output from 
said identifying circuit (11) with the output from 
said delaying unit to detect the inclination of 
said demodulated signal. *s 

The clock phase detecting circuit (1 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 2 or 3, wherein said identifying circuit 
(11) is operated with high speed clocks; and so 
wherein said signal inclination detecting unit com- 
prising: 

a delaying unit for delaying the output from said 
identifying circuit (11), said delaying unit being ss 
operated with said high speed clocks; 
a latching unit for holding the output from said 
identifying circuit (11) and the output from said 



delaying unit with clocks slower than said high 
speed clocks; and 

a comparing unit for comparing the output of 
said identifying circuit (11) held in said latching 
unit with the output from said delaying unit to 
detect the inclination of said demodulated sig- 
nal. 

6. The clock phase detecting circuit (1 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 2 or 3, wherein said identifying circuit 
(11) comprises plural identifying units correspond- 
ing to the number of plural demodulated signals 
obtained by demodulating said multilevel orthogo- 
nal modulated signal; and wherein said signal incli- 
nation detecting unit includes a comparing unit that 
compares outputs of said plural identifying units 
with each other to detect the inclination of the 
demodulated signal when clocks with different pre- 
determined phase amount between said identifying 
units are supplied to said plural identifying units. 

7. The clock phase detecting circuit (1 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 2 or 3, wherein said clock phase calcu- 
lating unit is formed as a multiplying unit that 
subjects the output of said error detecting unit and 
the output of said signal inclination detecting unit to 
a multiplying calculating process. 

8. The clock phase detecting circuit (1 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 2 or 3, wherein said clock phase calcu- 
lating unit is formed as an exclusive OR calculating 
unit that subjects the output of said error detecting 
unit and the output of said signal inclination detect- 
ing unit to an exclusive OR calculation process. 

9. The clock phase detecting circuit (1 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 3, wherein said specific signal judging 
unit includes plural signal judging units that judge 
plural kinds of specific signals, and further compris- 
ing a selecting unit arranged between said specific 
signal judging unit and said gate unit for selecting 
decision results from said plural signal judging 
units. 

10. A clock regenerating circuit (2 A) arranged in a 
receiving unit of multiplex radio equipment, said 
receiving unit including an identifying circuit (1 1) for 
identifying a signal at a predetermined identification 
level, said signal being obtained by demodulating a 
multilevel orthogonal modulated signaland an 
equalizing circuit (13) for subjecting said demodu- 
lated signal to an equalizing process, said clock 
regenerating circuit (2A) regenerating a signal iden- 
tification clock for said identifying circuit (11) and 
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then supplying said signal identification clock to 
said identifying circuit (11); comprising: 

a clock regenerating unit (15) for regenerating 
said signal identification clock based on a sig- s 
nal before said multilevel orthogonal modulated 
signal is detected; 

a phase adjusting unit (16) for adjusting the 
phase of a clock from said clock regenerating 
unit (15) and then supplying the phase- 10 
adjusted clock to said identifying circuit (11); 
and 

a clock phase detecting unit (14A) for detecting 
a phase component of said signal identification 
clock based on signals input to or output from 15 
said equalizing circuit (13) and then supplying 
the result as a phase adjustment control signal 
to said phase adjusting unit. 

11. The clock regenerating circuit (2A). arranged in a 20 
receiving unit of multiplex radio equipment, accord- 
ing to claim 1 0, further comprising an averaging unit 
arranged between said clock phase detecting unit 
(14A) and said phase adjusting unit (16), for aver- 
aging the output from said clock phase detecting 25 
unit(14A). 

12. The clock regenerating circuit (2A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 10, wherein said identifying circuit (11) 30 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 

by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said clock regenerating 
unit (15), said phase adjusting unit (16), and said 35 
clock phase detecting unit (14A) are used in com- 
mon to said plural identifying units. 

13. The clock regenerating circuit (2A) arranged in a 
receiving unit of multiplex radio equipment, accord- 40 
ing to claim 10, wherein said identifying circuit (1 1) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 

by demodulating said multilevel orthogonal modu- 
lated signal; and further comprising an averaging 45 
unit arranged between said clock phase detecting 
unit (14A) and said phase adjusting unit (16), for 
averaging the output from said clock phase detect- 
ing unit (14A); and wherein said clock regenerating 
unit (15), said phase adjusting unit (16), said aver- so 
aging unit, and said clock phase detecting unit 
(14A) are used in common to said plural identifying 
units. 

14. The clock regenerating circuit (2A) arranged in a 55 
receiving unit of multiplex radio equipment, accord- 
ing to claim 10, wherein said identifying circuit (1 1) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 



by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said clock regenerating 
unit (15) is shared among said plural identifying 
units; and wherein plural phase adjusting units (16) 
and plural clock phase detecting units (14A) are 
arranged corresponding to said plural identifying 
units. 

15. The clock regenerating circuit (2 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 10, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and further comprising an averaging 
unit arranged between said clock phase detecting 
unit (14A) and said phase adjusting unit (16), for 
averaging the output from said clock phase detect- 
ing unit (14A); said clock regenerating unit (15) is 
used in common to said plural identifying units; and 
a plurality of saiti phase adjusting xinits (16), said 
averaging units and said clock phase detecting 
units (14A) are arranged corresponding to said plu- 
ral identifying units. 

16. The clock regenerating circuit (2 A) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 10. further comprising a test signal gen- 
erating unit for generating a test signal; and a 
selecting unit for selectively producing the output 
from said clock phase detecting unit (14A) and the 
output from said test signal generating unit, said 
output of said selecting unit being supplied as an 
input to said phase adjusting unit (16). 

17. A clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, said 
receiving unit including an identifying circuit (11) for 
identifying a signal at a predetermined identification 
level, said signal being obtained by demodulating a 
multilevel orthogonal modulated signaland an 
equalizing circuit (13) for subjecting said demodu- 
lated signal to an equalizing process, said clock 
regenerating circuit (2B) regenerating a signal iden- 
tification clock for said identifying circuit (11) and 
then supplying said signal identification clock to 
said identifying circuit (11); comprising: 

a clock phase detecting unit (14A) for detecting 
a phase component of said signal identification 
clock based on signals input to or output from 
said equalizing circuit (13); 
a loop filter unit (1 7) for integrating the output 
from said clock phase detecting unit (14A); and 
an oscillating unit (18) for producing a signal 
identification clock for said identifying circuit 
(11) to said identifying circuit (11). in response 
to as a control input the output from said loop 
filter unit (17). 
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18. The clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 17, wherein said identifying circuit (1 1) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said clock phase detect- 
ing unit (14A). said loop filter unit (17), and said 
oscillating unit (18) are used in common to said plu- 
ral identifying units. 

19. The clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 17, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein plural clock phase detect- 
ing units (14A) are arranged to said identifying 
units; and wherein said loop filter unit (17) and said 
oscillating unit (18) are used in common to said 
identifying units; and further comprising a compos- 
ing unit for composing the outputs of said clock 
phase detecting units (14A) to input the resultant 
output of said composing unit to said loop filter unit 
(17). 

20. The clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 17, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and further comprising plural clock 
phase detecting units (14A) and plural loop filter 
units (17) being arranged corresponding to said 
plural identifying units; said oscillating unit (18) 
being used in common to said plural identifying 
units; a part of said plural identifying units being 
connected to said oscillating unit (18) via said 
phase adjusting unit, said output of said loop filter 
unit (17) being supplied as a control input to said 
oscillating unit (18) or said phase adjusting unit. 

21. The clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 17, wherein said identifying circuit (1 1) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said loop filter unit (17) 
and said oscillating unit (18) are used in common to 
said plural identifying units; and further comprising 
a second clock phase detecting unit for detecting 
the phase component of said signal identification 
clock in a method different from that of said clock 
phase detecting unit (14A) and a composing unit for 
composing the output from said clock phase detect- 
ing unit (14A) with the output from said second 



clock phase detecting unit, the output of said com- 
posing unit being supplied as an input to said loop 
filter unit (17). 

5 22. The clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 17, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 

10 by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said loop filter unit (17) 
and said oscillating unit (18) are used in common to 
said plural identifying units; and further comprising 
a second clock phase detecting unit for detecting 

75 the phase component of said signal identification 
clock in a method different from said clock phase 
detecting unit (14A) and a selecting unit for selec- 
tively producing the output from said clock phase 
detecting unit (14A) and the output from said sec- 

2£u , ond clock phase detecting unit, the output of said 
selecting unit being supplied as an input to said 
loop filter unit (17). 

23. The clock regenerating circuit arranged in a receiv- 
es ing unit of multiplex radio equipment, according to 

claim 17, further comprising a test signal generat- 
ing unit for generating a test signal; and a selecting 
unit for selectively producing the output from said 
clock phase detecting unit (14A) and the output 
30 from said test signal generating unit, said output of 
said selecting unit being supplied as an input to 
said loop filter unit (17). 

24. A clock phase detecting circuit (1 B) arranged in a 
35 receiving unit of multiplex radio equipment, com- 
prising: 

an identifying circuit (11) for identifying a signal 
at a predetermined identification level, said sig- 

40 nal being obtained by demodulating a multi- 

level orthogonal modulated signal; 
a clock regenerating circuit (12) for regenerat- 
ing a signal identification clock for said identify- 
ing circuit (11) to supply said clock to said 

45 identifying circuit (11); and 

a clock phase detecting unit (14B) for detecting 
a phase component of said signal identification 
clock based on clock phase difference informa- 
tion supplied to said identifying circuit (11) and 

50 signal error differential information obtained by 

said identifying circuit (11) and then supplying 
said resultant phase component to said clock 
regenerating circuit (12). 

55 25. The clock phase detecting circuit ( 1 B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 24, wherein said clock phase detecting 
unit (14B) comprises: 
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a clock phase difference detecting unit for 
detecting said clock phase difference informa- 
tion supplied to said identifying circuit (11); 
a signal error differential detecting unit for 
detecting signal error differential information 5 
obtained by said identifying circuit (11); and 
a clock phase calculating unit for calculatingthe 
phase component of said signal identification 
clock based on the output from said clock 
phase difference detecting unit and the output 10 
from said signal error differential detecting unit. 

26. The clock phase detecting circuit (1 B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 24, wherein said clock phase calculat- is 
ing unit comprises a dividing unit that subjects the 
output of said error detecting unit and the output of 
said signal inclination detecting unit to a dividing 
calculation process. 

20 

27. The clock phase detecting circuit (1 B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 24, wherein said clock phase calculat- 
ing unit is formed as an exclusive OR calculating 
unit that subjects the output of said error detecting 25 
unit and the output of said signal inclination detect- 
ing unit to an exclusive OR calculation process. 

28. A clock regenerating circuit (2A 1 ) arranged in a 
receiving unit of multiplex radio equipment, said 30 
receiving unit having an identifying circuit (11) that 
identifies a signal obtained by demodulating a mul- 
tilevel orthogonal modulated signalat a predeter- 
mined identification level, said clock regenerating 
circuit (2A') regenerating a signal identification 35 
clock for said identifying circuit (1 1) to supply said 
clock to said identifying circuit (11), comprising: 

a clock regenerating unit (15) for regenerating 
said signal identification clock based on a sig- 40 
nal before said multilevel orthogonal modulated 
signalis detected;' 

a phase adjusting unit (16) for adjusting the 
phase of a clock sent from said dock regener- 
ating unit (1 5) and supplying the resultant clock 45 
to said identifying circuit (11); and 
a clock phase detecting unit (14B) for detecting 
a phase component of said signal identification 
clock based on clock phase difference informa- 
tion supplied to said identifying circuit (1 1) and so 
signal error differential information obtained by 
said identifying circuit (11) and then supplying 
said resultant phase component to said clock 
regenerating circuit (15). 

55 

29. The clock regenerating circuit (2A') arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 28, further comprising an averaging unit 
arranged between said clock phase detecting unit 



(14B) and said phase adjusting unit (16). for aver- 
aging the output from said clock phase detecting 
unit(14B). 

30. The clock regenerating circuit (2A*) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 28, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said clock regenerating 
unit (15), said phase adjusting unit (16), and said 
clock phase detecting unit (14B) are used in com- 
mon to said plural identifying units. 

31. The clock regenerating circuit (2A*) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 28, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
"by demodulating said -multilevel orthogonal modu- 
lated signal; and further comprising an averaging 
unit arranged between said dock phase detecting 
unit (14B) and said phase adjusting unit (16), for 
averaging the output from said dock phase detect- 
ing unit (14B); and wherein said dock regenerating 
unit (15), said phase adjusting unit (16). said aver- 
aging unit, and said clock phase detecting unit 
(14B) are used in common to said plural identifying 
units. 

32. The clock regenerating circuit (2A 1 ) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 28. wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said clock regenerating 
unit (15) is used in common to said plural identifying 
units; and wherein plural phase adjusting units (16) 
and plural dock phase detecting units (14B) are 
arranged corresponding to said plural identifying 
units. 

33. The clock regenerating circuit (2K) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 28, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and further comprising an averaging 
unit arranged between said dock phase detecting 

. unit (14B) and said phase adjusting unit (16). for 
averaging the output from said dock phase detect- 
ing unit (14B); and wherein said dock regenerating 
unit (15) is used in common to said plural identifying 
units, and a plurality of said phase adjusting units 
(16), said averaging units and said clock phase 
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detecting units (14B) are arranged corresponding 
to said plural identifying units. 

34. The clock regenerating circuit (2A') arranged in a 
receiving unit of multiplex radio equipment, accord- s 
ing to claim 28, further comprising a test signal gen- 
erating unit for generating a test signal; and a 
selecting unit for selectively producing the output 
from said clock phase detecting unit (14B) and the 
output from said test signal generating unit, said 10 
output of said selecting unit being supplied as an 
input to said phase adjusting unit (16). 

35. A clock regenerating circuit (2B') arranged in a 
receiving unit of multiplex radio equipment, said 15 
receiving unit including an identifying circuit (1 1) for 
identifying a signal at a predetermined identification 
level, said signal being obtained by demodulating a 
multilevel orthogonal modulated signal, said clock 
regenerating circuit (2B*) regenerating a signal 20 
identification clock for said identifying circuit (11) 
and then supplying said signal identification clock to 
said identifying circuit (11); comprising: 

a clock phase detecting unit (1 4B) for detecting 25 
a phase component of said signal identification 
clock based on clock phase difference informa- 
tion supplied to said identifying circuit (11) and 
signal error differential information obtained by 
said identifying circuit (11) and supplying said 30 
phase component to said clock regenerating 
circuit (2B'); 

a loop filter unit (17) for integrating the output 
from said clock phase detecting unit (1 4B); and 
an oscillating unit (18) for producing a signal 35 
identification clock for said identifying circuit 
(1 1) to said identifying circuit (11), in response 
to the output as a control input from said loop 
filter unit (17). 

40 

36. The clock regenerating circuit (2B') arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 35, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 45 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said clock phase detect- 
ing unit (14B), said loop filter unit (17), and said 
oscillating unit (18) are used in common to said plu- 
ral identifying units. so 

37. The clock regenerating circuit (2B) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 35. wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 55 
the number of plural demodulated signals obtained 

by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said loop filter unit (17) 
and said oscillating unit (18) are used in common to 



said identifying units, and plural clock phase detect- 
ing units (14B) are arranged corresponsing to said 
identifying units; and further comprising a compos- 
ing unit that composes outputs of said plural clock 
phase detecting units (14B) and then supplies the 
resultant output as an input to said loop filter unit 
(17). 

38. The clock regenerating circuit (2B*) arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 35, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and further comprising plural clock 
phase detecting units (14B) and plural loop filter 
units (17) being arranged corresponding to said 
plural identifying units; said oscillating unit (16) 
being used in common to said plural identifying 
units; a part of said plural identifying units being 
connected to said oscillating unit (18) via said 
phase adjusting unit, said output of said loop filter 
unit (17) being supplied as a control input to said 
oscillating unit (18) or said phase adjusting unit. 

39. The clock regenerating circuit (2B') arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 35, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said loop filter unit (17) 
and said oscillating unit (18) are used in common to 
said plural identifying units; and further comprising 
a second clock phase detecting unit for detecting 
the phase component of said signal identification 
clock in a method different from that of said clock 
phase detecting unit (1 4B) and a composing unit for 
composing the output from said clock phase detect- 
ing unit (14B) with the output from said second 
clock phase detecting unit, the output of said com- 
posing unit being supplied as an input to said loop 
filter unit (17). 

40. The clock regenerating circuit (2B') arranged in a 
receiving unit of multiplex radio equipment, accord- 
ing to claim 35, wherein said identifying circuit (11) 
comprises plural identifying units corresponding to 
the number of plural demodulated signals obtained 
by demodulating said multilevel orthogonal modu- 
lated signal; and wherein said loop filter unit (17) 
and said oscillating unit (18) are used in common to 
said plural identifying units; and further comprising 
a second clock phase detecting unit for detecting 
the phase component of said signal identification 
clock in a method different from that of said clock 
phase detecting unit (14B) and a selecting unit for 
selectively producing the output from said clock 
phase detecting unit (1 4B) and the output from said 
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second clock phase detecting unit, the output of 
said selecting unit being supplied as an input to 
said loop f ilter unit (17). 

41. The clock regenerating circuit (2B*) arranged in a s 
receiving unit of multiplex radio equipment, accord- 
ing to daim 35, further comprising a test signal gen- 
erating unit for generating a test signal; and a 
selecting unit for selectively producing the output 
from said clock phase detecting unit (14B) and the 10 
output from said test signal generating unit, said 
output of said selecting unit being supplied as an 
input to said loop filter unit (17). 
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